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G Vo; ris Bollenback, Ph1D )
_Seientific Director April 11, 1975

- Mr. Richard Ronk, Director
Division of Food and Color Addltlves
Bureau of Foods _
Food and Drug Admlnlstratlon
200 C Street, SW
Washington,~DC, 20204

Reference: Monogrunh on Dental Carles and Carbohydrltes,‘
‘ TR-72-1552-61

Dear'Mr. Ronk: -

I have studied the refera.»c ﬂonograph and c0n31der the coverage

highly acceptable and thz - :luations in the Summary, Animal
Studies and Human Studies 'rrmendable in their objectivity.
Reproductions of several papers which, I l'slieve, ac.aent the

“lengthy bibliography in the monograph are cnclosed. These are
submitted not to confuse the caries issue nor to promot«< any
partlcular aspect of it. They are primarily meant to ewphasize
what is underscored early in the monograph summary, namely that

. dental caries 1is a multlfactorlal disease. :

The articles by Bibby (The Cariogenicity of Snacg Foods and v
Confections, JADA 90, 121-132 [1975]) and Edgar, et al (Acid pro- -
duction in plaques after eating snacks: nOdLEYan factors in '
foods, JADA 90, 418 [1975]) update and objectively view the current
attentlon belng given which associates caries with between menl
snacklnq.~ Then, to suggest that between meal eatlng is still -
lacking in total variables playing on causes of caries, there is
1nu1udﬂd the article by Bagramian and Russell (Epldemlologic
Study of Dental Caries Experience and Between-Meal Eating Patterns,
'J. Dent. Res., 52, 342 [1973]}), showing, as I read it, no asso-

ciation of carles 1nc1dence with between meal snackljy

An excerpt from the British Survey of Children's Dental Health in
~England and Wales 1973 also cautions against assigning a one-to- .
one relationship of carles with, e.g., consumption of biscuits and
cakes. _
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Mr. Richard Ronk
April 11, 1975
Page Two

There seems to be a istrong tendency to associate wartime sugar
rationing with lowered caries incidence. The article (in trans-.
lation) by Wandelt (Statistische Erhebungen Zur Frage - Der
Beziehungen Zwischen Zuckerverbrauch und Zahncaries,
Ernahrungs-Umschau 15, 302 [1968]) shows there is a strong
difference of opinién on this point, too.

As a final offering, the Carlsson and Johansson paper, Sugar and
.the Production of Bacteria in the Human Mouth (Caries Res., 7
273 [1973]) examines the oral microflora. An important 901nt
‘brought out here is one that many overlook, namely, th:oi micro-
organisms need other tnan an energy sup- 1y in order of 1xc;llferate.
Whether nutrients, suc: as minerals and vitamins, serving the.
microurganisms orlglnate in the oral fluid (as propesed in the
article) or in ingested foods is a detail sub51d1ary to the
:recognition that such nutrienis are required.

>

In this szme category, I might add'that trace elements within
the tooth may discourage (e.g., fluorides) or encourage (e

>
selenium) caries development

Otrer articles enclosed include three that add to thosc cited
in the monograph dealing with cercal products. .These are -
1) Brewer, et al, A clinical study concerning th: Anticariogenic

. effects of NaH2P04-—enr1ched breakfast cereals in institution-

~alized subjects: results after two years, JADA, 80, 121 (1970),
2) Glass and Fleisch, Diet and dental caries: dental caries

. incidence and the consumptlon of ready-to-eat cereals, JADA 88,

. 807 (1974); 3) Peterson, North Dakota Field Test of Carlostatlc.'
Effect of 1% Sodium Dlhydrogen Phosphate and Disodium Hydrogen
Phosphate Added to Presweetened Breakfast Cereals, J. Dent. Res.,
date?

Miscellaneous articles and several TADR Abstracts (1973 1974)
round out the submissions.

. | trust these publlcatlons will be helpful to the Select Cowmlttee'
members in their evaluations.

Slncerely,

Cfm /”’W

G. Norris Bollemback, Ph.DT
Scientific Director

GNB:db
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The Role of Diet Survetllance In Water ¥luo-
fdacton Prograns. E. POWELLwad G. TURiANO..
Yatv. of toan. and (forwerly) Tasres: Dental
Crater, Rechoscer, 4.V,
Nater fluoridatica stwlics shew considerubie vari~
atisn o tha level of reducticn o! dentasl caries.
Althouph diet-dental carics relationship s well
established, “"dlet surveillance” is not voutinely
done. The purpose of this srudy was te investa-
gate diet patterns of children In fluoridated anc
unfluoridated communities it eorder to yield infar-
ratlon for an appraissl of dietary facters ie re-
lation tu this varfanre. Ninety-seven high s:hocl
children living ia a compunity with fisoridated
water and 125 children of similar age from au un~
flucridated area were selected for the srudy. Data
were collected by self-aiministered question-
naives; results were tabulated and scored accord-
ing to: food sugar content, oral clearance rate
and frequency of food intake. Student group
scores for these three Jdiet categories were coo~
pared uvith "odel Dfet Scores” previously deter-
mined. Findings in this study shoved that while
diet scores for both groups exceeded the model,
student scores frun the iluoridatel couaunity were
consistently higner In magnitude, thus zute carto-
genic, than similar scores for the unfluoridated
area students. Uean “mclel scores” were: {a) to-
tal score 42, (b) sugar content 16 and (c) oval
clearance 8. Fluoridated and unfluoridated stu-
dent groups respactively vielded rean scores of:
(a) total score 49.15 and 45.99° (b) sugar content
21.15 and 18.30 and (c) oral clearance 1i.30 and
10.40. Thess results were signiffcant (p€.035).
The mean eating frequensy scoresfor the two stu-
dent groups were not signiticantly different.
These findings suggest diet surveillance as a use-
ful procedural dimension for appraising the vari-
ance reported in water fluoridation prograos.
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Cereal Cariogenicity az Related to §

g Nutritional Content. G.K.Stookey* &

/ McDonald, Jr., Oral Health Researvh Institute,

indianapolis, Indiana,

The purpcse uf this two-part study was: |, to dr e
termine the carivgenicity of two diiferent phys:- -
cal forms of sucrose in breakfast cerenls; and v,
to compare the cariogenicity of \'ar;ou_s commer-
cially available breakfast cereals. In Partl, <+
groups of rats were provided, respeclwely. diets
containing “either a Goied wereal Lase, a sugar-
enated cereal, nr a cereal with ene of two dii-
ferent levels of added suyar. In Par: I, 11
groups of rats were provided different breakfast

- - (ereals which varied in their inherent sucrose
and nut ritiona! content. Both series were also
run in hamsters. The findings in Part | showed
that there u;g[e no significant dzﬂerences in car-
ies scores, in !El!e of the di d:fhrenC¢ _in physical
torm and guantity of ‘uc ose ndes ted. ln Part I,

ies-profusiog potential of the various

c@roa!s could not be c-n:ctly rtla:ed to thelr sug-

< hres were observed in two groups proﬂded
"migh nutrition” type cercals only one of which
was pre-sueetened. Similarly, of the twe pro-
ducts causing the highest caries scores, only one
was pre-sweetened. Inherent facturs other than
sucrose content and relative tackiness, play sm-
partant roles in determining the cariogenicity »f
nreakfast coreals,

Abstracts 1973

-
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Oral Reteotion of Cardohydreze Feoda
J. E. ROWLEYH, B.G. DIBEY and S. HUNOORF¥Y
Eagtion bental Conter, Rochester, N.Y. 14503

Te adé more definition to the role of differenc
carbohyirate foods fa carles causation, scasure~
wents were made uf the anouncs remaining in the
mouth after eating. Fifty-four snack-type foods
wzre tested in three huoan subjects vho had dte-
sioniler dentitions. Ssmples for analysis were
collected S, 13 and 30 minutes after norasl in-
gestion of measured aliquots of the foods. Col~
lection procedure consisted of pooling (a) =mouth
vinsfngs vith 15 sl of water for 15 sec. (b)oouthr
fluida from toothbrushing with & wet brush (c) a
second rinsing with 15 ©l of water and (d) tcoth-
brush washings. After appropriate dilation, an-
throne in ethyl acetate and 4,50, were used to
produce the green carbohydrate color reaction.
Aliquots that would fall within a 20 to 60X zrans-
mission range were measured on & Bausch and Lowb
Spectronic Colorimetor and a regression equatiou
used to calculate the carbohydrate content as
glucese equivalentcs.

The ) tert sub)ects generally gave consistently
high, meiium or low retentions in food tests.

The acans for the ) subjects showad wide ranges
betueen foods at each tiee period. At 5 mir.

the highest mean retention was sore than 20 tlues
thet of the lowest sugar containing snack. Mesn
retentions of all foods at 5 mirn. wvere anproxi-
mately 3 times those at 15 nin. and the lattar
twice those st 30 ain. At the 30 wmin. period
there was less than a 3-fold difference between
the highest and the lowest retention and the
highest carbohydrate ievel was less then & tices
that of the coatrol ssliva.

i
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‘Plaque pH Changzs After Snack Food Uss.
W, ¥. EDGAR and B. C. BIZ3Y*, Eastman Dental
Lencer, Rochestor, New Yoph. . .

The effect of consumption of 59 saack foodstuifs
on tue 2B of plujue was assczsed fa five sublectis
for cach foodatuff. Plaque waa saupled bBafore,
and st 0. 5, 10, 1S, 20 and 30 minutes after tood
use. The pH was deternmined extra-uraliy using s
one-dr~p eloctrode ayseamdly. Saliva flew rate
and pH vere estimated during the experiaent dy
the collection of 1 minute ‘drecled’ or expector=
sted sszples of oral fluids bhetween plague sazpe
ling. Mean plague pR minima and the Juration of
the pH depreasions werz compared in a two-vay
analysis of varfance which indicatzd significamt
differences betwesn plaqus reactions to dlfferent
snacks. When arrayed in order of plaque pi
winios the foods fell into six groups in ascend-
ing scid-provoking potential. Reasons for the
ranking of foods within individual groups are’
baing sought in their carbehydrate conteat
(qualitacive sad quantitative), pH end buffcring
pover stinulus to salivacion, and oral recention
times. 1t ts beliaved that these snd ~rhor tests
on foods will yield faformation as to tiwar rela=
tive carlogenicity.

.
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RESEARCH ANNOTATIONS

This section of the Journal of Dental Research is
devoted to rapidly published short research notes

"North Dakotia Field Test of Cariostatic Effect of 1% Sodium

Dihydrogen Phosphate and Disodium Hydrogen Phosphate
Added to Presweetened Breakfast Cereals '

JOHN K. PETERSON

North Dakota State Department of Health, Bismarck, North Dakota 58501

Favorable cariostatic resufts have  been  re-
ported with the addition of a 1% sodium di-
hydrogen phosphate and disodium hydrogen
phosphate mixture to breakfast cercals eaten
by children (G. Stookey, R. Carroti, and
J. MuUHLER, JADA 74:752, 1967), and adulis
(R. Carrott, G. Stookey. and J, MUNLER,

JADA 76:564, 1968).

Four hundred and twenty-one children, grades
three to cight, in Grufton, North Dakota par-
ticipated in a two-ycar test in which they ate
seven presweetened breakfast cercals that con-
tained the same  additive used in the afore-
mentioned  tests. All children reccived visual
and radiographic dental examinations. They

This investigation was supporied in part by the
Gencral Foods Corporation.

Additioral information availabic oa request 1o auiboer.

Received for publication November 12, 1968.

were clussified according to DMFS prevalence,
dental age, and family and then assigned ran-
domly to two groups. One group received cercal
with the phosphate added; the control group
received the same cereals without the added
phosphate.

The table shows the mean carics increments
measurcd in this study.

In an attempt to dctermine why these re-
sults differed from the previously mentioned
studies, separate analyses were made of visuul
cxamination results alone and of results from
blind retrospective eaanunation of mixcd bisc-
linc and final films, Separate analyses were made
for all posterior proximal surfaces and for
those surfaces fully readiable on both examina-
tions.

No cariostatic effcct from the addition of the
phosphates to presweetened breakfast cereals
was dcmonstrated by any of these methods of
analysis.

TABLE

Two YeAr Caries INCReMENT (CErREAL STUDY)
New Total =
No. of New DMFT Proxima! Surfaces  New DMV Surfaces
Group C'hi‘:'d::u _ Mean SE* Mean SE Mean SE -
Study 202 0 42 02 6.0 0.4 9.0 0.5
Congrol 219 38 0.2 5.2 0.3 8.0 04
t value oo LS 1.7 1.5

® 51, standard error.
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;- clinical study concerning the anticariogenic .~
,fects of NaHoPOg4-enriched breakfast cerealsin -~
-.slitutionzlized subjects: resuits after twoyears .

irold E. Brewer, DDS, PhD ‘
irge K. Stookey, MSD .
,.,:.eph C. Muhler, DDS, PhD, Indianapolis

..‘d comparable groups of patients in an institution
. eived 1.0z servings of ready-to-eat cereals daily .
4.+ Wwoyears. One group received NaH;PO,-enriched -

,»-w2l. Denta! examinations before, during, and at
P conclusion of the study showed that those re:
,» ving the enriched cereal had reductions in den-

,» varies increments approaching 50%.

. al studics concerning the clinical cfficacy of

. ..ary phosphates in humans have been some-
-t contrudictory, although morc recent ones

~ st that the addition of phosphate to the hu--

.+ diet may be associated with the prevention of
. i caries. Although Stralfors! reported a sig-
.+nt anticariogenic citect associated with the

don o dicalcium phosphate to the diet of -

~wichiidren, subsequent studics by independent
sagatons ' fulled to confirm these observa-

sgant redections in the incidence of dental
s» in both children and adults are associated

~. More rezent reports'=* have indicated that

-

with the addition of NaHzPO, to the diet in |

- ready-to-eat breakfast cereals. The results of
~ studies reported by Finn and Jamison? and Harris

and co-workers®? have confirmed the effcctive-

" ness of phosphate supplementation in humans

with regard to thie prevention of dental carics.

In -previous studies at Indiana University?-%
familics were provided with the NaH:PO,-cn-
riched breakfast cereals and no attemipt was made
to modify or control their usc of the cereals. It
was subscquently decided to investigate the effec-
tiveness of this nutritional approach to dental
carics control under conditions whereby ingestion
of the cereal was on a regular daily and supervised
basis. L

Method

A total of 474 subjects living in an institution for -
the mentally retorded participated in this program,
The subjects were given a thorough clinical cxam-
ination by a singlc cxaminer (HEB) at the initia-
tion of the study. They were distributed randomly
into two experimental groups according to pro-
cedures  previously  deseribed. i All - subiects

* were given a 1-0z serving of the respective ready-

to-cat cereals daily by attendants at the institution.
The cereals were provided in plain white, coded
puckages; attendants and supervisors were respon-
sible for giving the appropriate cereal to vach sub-
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ination of the findings on the interproximal sur-

faces indicates that reductions ranging from 82.1%
10 97.4% were obscrved in the incidence of ncw
interproximal lesions during the course of the study.

Table 4 summarizes the 24-month dental carics
increment data tabulated according to the age of,
the subject. These data indicate that the anticario-
genic effect of the phosphate-enriched cereals is
not age related and that the cereals reduced the in- -
cidence of dental carics in all ages of subjects par- ,
ticipating in the study.

Discussion

The data presented with regard to initial balance
and distribution of age of the subjects who par- -
ticipated in this study indicate that not only was
the balancing procedure quite effective in stratify-.
ing the subjects into two comparable groups, but
it also was effective in maintaining the balance of
these groups throughout the study period. Com-
parable observations have been made earlier with
use of this same procedure to establish initial bal-
ance and stratify the subjects randomly into the
various experimental groups,

The results of the dentai caries examinations

.

"

\

Table 2 » Summary of data for subjects present at ebch

examination,

Average 5t Inital examinstion

All subjects No. of OMFT OMFS
present at: Subjects
fnitiat exam * -
Group 1 235 . 10.40 20.06 -
2 239 . 10.31 19.57
$ 4
6-month sxam . . . ) ‘
Group 1 212 5 10.72 - 20.7s
2 211 - - %035 19.60
12.month exam c s *
Group 1 192 - . . 10.25% 19.78
2 © 194 r  10.03 18.92
18.month sxam .
Group 1 ) 183 10.19 19.50
2 183. . 9.96 18.75%
24.month exam ' ’ '
. Group 1 131 . 9.94 19.10
2 144 996 18.93

‘ faces during the first year of this study paralieled
those observed in previous investigations, How-
ever, as the study progressed, the degree of pro-

. tection expressed in terms of DMF surfaces teaded

1o increase; a dental caries reduction of 55.3%
was observed after two years. As compared to-the
"previous studics in which no such tendency of in-

+ creased effectiveness was observed, these data

confirm previous observations on the value of

NaH;PO; in reducing the incidence of dental

“caries in humans. The results of previous studies

in which NaH.PO,-enriched rcady-to-vat break fast
cereals were given to children and adults without
any attempt to modify or control consumption
showed dental caries reductions ranging from
20% 1040% . The reductions observed in DMF sur-

would suggest that continued use of the NaH;PO,-
enriched cereals on a regular basis increases the
~ prevention of new carious lesions. Attempts to
ascertain the level of cereal consumption in the
previous studies indicated that during the early
part of these studies consumption was approach-
ing a l-oz serving daily, whereas during the sec-
ond year of these projects consumption was some-

Table 3 = Summary of dental caries results for ail subjec(s who completed the specified

portion of the study.

. interproximal Surfaces

DMFT OMFS
v No. of Mean % Mean % - . Mean % :

Group and cereal subjects increment reduction Increment reduction incramenl reduction
6-montn dats B . T .

1. Presweet + agent . 212 ° 209 29.2% 3.33  39.1°° 0.06 97,440
2. Presweet control 21 2.95 ° Y 5.47 : 2.34-

12-monin data . : = .

1. Preswert + agemt 192 453 16.7° 7.41 29,2 0.72 82.1°
2. Presweet control 194 5.44 10.46 .o 4.03

18 montn cata N . . ]

1. Presweet + apant ie3 3.45 236 - 5.33 46.1%* 0.68 86.4°e.
2. Preswee! control 183 4.83 9.89 4.99

24.month dats . : :
L. Preawsst & agemt 131 242 435+ {19 85.3%+ o 0.1% 86.9°
2. Preswer! control 144 £.70 9.8 ’ 4.87 ..

® Ditterences signiticant 3t <0.01 lave! of confrdenc

e,

** Difterences s.gnticant st <0.001 leva! of canhosnce.

Brewer—Stookey—Mubhler: Na,PO, -ENRICHED CEREALS » 12)

v mea



Table 4 » Summary of dental caries increments after two years according to initial age

of the subjects.

N

A DMFY DMFS lmuprommal Sw!a:u .
ge — - r— ; - ——
fange  No. of Mean % Mean % Mean %
Group and cereat (¥73)  subjecls increment reduction intrement reduclion incremenl reduction
1. Presweet + agent <9 19 1.89 429 3.32 360 . 0.05 107.9
2. Praswest controt 16 363 5.19 0.63 . »
.. ] -
: ‘; 1: Presweet + agent 10-19 64 ) 3.08, '37.4°°° 4.75 42.8°°** 0.28 92.8°%¢° ‘
. 2. Presweet control 65 4.92 : 8.31 3.88 -
1. Presweet + agent  20.29 22 2.32 54.8°° 4.14 68.3°** <« -0.23 ¢ 103.4°°°
2. Presweaet conirol 3 5,|3‘ 13.06 . * 671, ’
» .
1. Presweet + agent  30.39 14 1.36 ° 71.8°* 3.21 694" 050, 93.8°°* ",
2. Presweet control 24 4.83 10.50 o - 8.00
1. Presweet + agenl” >40 12 1.17 61.0 383 56.2° 0.08 98.44°
2, Presweet conirol 8 * 300 . T

8.75 - 4.88

*  Probabity <0.05.
*® Probability <0.01.
-#*Sprobability <0.001.

what reduced and approached the nationwide av-
crage of 3.0 servings per week.!? Under such cir-
cumstances dental carics reductions were ob-
served 10 be nearly constant with a slight tendency
to decrcase during the study period. The findings
of this study suggest that if regular ingestion of the

_cercal occurs on a daily basis one may expect den-

tal carics reductions approaching 50%.

The results obtained in this study, expressed as
a function of the age of the subjects, confirm pre-
vious findings that indicated a significant reduction

in the incidence of dental caries in both childrend s -

and adults.® In this study reductions in DMF sur-
face increments after two years were 36.0% to
42.8% for persons less than 20 years of age and
56.2% t0 69.4% for older participants.

Conclusions

-

- A clinical study was conducted in 474 institution-

alized subjects to determine the anticariogenic ef-
fect of NaH;POy-cnriched rcady-to-cat breakfast
cercals in institutionalized subjects who had the
same dict and whosc ccrcal consumption patterns
were controlled. The results of this study afier two
years confirm carlier observations that reduction
in the incidence of dental cariés in both children

“and adults is associated with the ingestion of

NaH; POccnrichcd cereal. In this study reduc-
tions of 48.5% and 55.3%% in the incidence of den-
tal carics in DMF teeth and surfaces, respectively,
were observed. ‘
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This study was supported in part, by a3 research grant
from the Post Division, General Foods COrporat»on. Battle
Creelg Mich, ’

Doctors Brewer, Stookey, and Muhler are in the Preven-

- tive Dentistry Research Institute, indiana University Medi-
cal Center, 410 Beauly Ave, Indianapolis, 46202.
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Enamel Protective Factors an Foodstaffs,

‘M. E. Weiss®, B. H. Clarkson and 1{. Berlin?
Eastman Dental Center, Rochester, New York;
+ Lewistown, Pennsvivania,

Three methods: (1) half tooth decalcification;
(2) soludbility of radioactive enamel 1n bacterial
fermentation products; and (3) an enamel
surface "window" technique, were used to test
extracts of plaut moaterials for eflects on
enamel solubility. Using (1).it was found that
15 plant extracts offcred a measure of protect-
jon against ecname!l dissolutinn in pH 4 lactic
acid, With (2) solubility reductions of more
thap 90 per cent were obtained with several
herb products. With (3} levels of enamel pro-
tection were lower but quite definite,

Tests designed to indicate how the extracts
modified enamel solubility showed both organic
and inorganic agents were involved; in method
{2) wnhibition of bacterial activity played a large
part, and that in {3) where bacterial activity
was not involved the enamel protection depended
partly on inorganic (buffering) agents and the
action of some organic components.

Suppression of dental carles by chemical
sctivatlon of the hypothalamtc-parorid
endocrine axis. R. R. STEINVAN® and

J. LEOIOMA, Loma Linda University, Loma Linds,
: Californta,

Preliminary evideace suggests that the directlon
of fluid movement through the dentin plays a wmajor]
role {n resistance to dental caries, Fluid move-
nent in the dentin {s hormonally contrelled by thel
hypothslamic-paretid gland axis. Components of
the ornithine cycle, particularly urea, stimulate
the hypothalamic-parotid axis which activates
fluid movemeat through the odomtoblastic pro-
cesses in the dentin. The present study vas con-
ducted to determine vhether the continucus chemf-
cal activation of the hypothalamtc-parotid axtis
vith subcutanuous (sc) administration of exogenous|
urea or citrulilne would decrease the Incldence of|
dental caries in rats matntained on o high sucross]
cariogenic diet for 13 weeks. Seventy-six male
Sprague-Dawvley 21 day old rats were divided into
five groups and treated as follows: Croup I
twenty rats saline sc ) times a day; Group II
seventeen vats 20 ng urea sc/100 ga body wt/2
times a day; Group III thirteca rats 80 mgz urea
3c/100 gn 3 times a day; Group IV tuelve rata

260 mg urea #c/100 g 3 tines a day; Group V
fourteen rats 60 mg citrulline 3c/100 ga 2 times

a day. The number of cavitles after 1) weeks vas
15.6 + 1.7; 9.9 % 1.3; 4.5 1.3; 1.8 + 0.3; and
11.2 # 1.5 respectively. All anizals were autop~
sied. /The anirmals recctving 240 ng urea ) times

a day showed evidence of stress having enlarged
adrenals, spleen Jnd kidneys and lower weight

thsn the control animals. Those réceiving 80 =g
urea ) tines s day or less showed little or no
evidence of stress.

P
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. The Relative Fffect on Dental Caries of Three
Food Supplements to the Diet. Sidney 8. Fimn~,
- Hamer Jamison, Institute of Dental @esearch,
University of Alabama in Birmingham; School of
Dentistry, University of Missouri, Kansas City)
: Missour:. .
Over 600 children between 6 and 18 years of age
in residence. for 9 months of the year at a state
institution, were divided into three equal groups
of over 200 each. Tne three dietary additives
were fed at the hrcakfast meal. Al children
-consured the samc basic diet. Supplement one was
a sugar-coated coreal; supplement 2wo, raisins
and fruit juices, and suppiement three, a non
sugar-coated cercal containing approximately 0.4%
discdiun phasphate incorporated into the cereal
Jduring the processing.  Sugar and sther sweets
and carbohydrates in theoar darly diets were not
restricted at any meal. After 18 months on these
regimes, vaamnations with mouth mirror and cxpl-
orer, and bite-wing radiographs revealed the
following results. The rean M tecth of regime
one was 1.57, regime two was1.43 and reginc
three was .34, The mean DNF surfaces ia rogime
onc were 3.13, roegime two 2.61 and regime three
2.89. Statistical analysis of these differences
did not approach . sigmificant levels Determina-
tions based on the number of available surfaces
did not veveal any significant differences either.
This was a doubie blind study. The results would
indicate that under the conditions of this study
» sugar-coated cereal docs Aot produce a signifi-
cant change in deatal caries incidence when
compared to uncoated ceveals or fruits containing
natural sugars when eaten once a day in an
unrestricted carbohydrate diec.

PE————

Clinical Investigation of Dual Alloy kestora-
tions in Teoth with Deep Subzingival Carles
ELENA L. LIATUKAS®, College of Dentistry,
Hovard University, Washington, D.C.

A tvo-year study of gold-to-amalzanm fillings re-
storing deep sudgingival caries vas sade. Toe
subgingival "probla” areaa of cories vere located
boin proximally and bucally. Forty adult perma~
nent teeth vere tncluded in the study. In each
case, & cast gold restoration vas findicated but
would have been technically difficuit o coastruct
due to caries depth. The technique used lavolved
the bulldup of gingival floors above soft tissue
height vith Ag onalgaa prior to constructlon of
the ¢nst gold ftllings. Extreme care was taken

to position the gold to amalyom margins above the
dingtval crest for ense of clinical evaluntion.
Soliva pH vas mcasured at pre- aad post-rustora-
tion intervals. Other post-insertion clinical
cvaluations included: corrosion, discoloratica,
pitting, metallic tuste and other discomfort
related tw toe restored teeth. No significant
change in pil occurred betvcen pre- and post-
inscrtion muasuresents (range 6.8-7.1). Surface
discoloration vas seen in two chses only at the 6
=onth interval. Discolorsifion obsvrved was easily
regoved with prophylactic paste. Metallic taste
occurred in oce patient oaly following placement;
nowever, opontanecous dlssppearance cccurred after
i month. No clinically signif{icant changes in sur-
face texture, margtasl acaptation or corrosion vers
found 1a the cases tested. Microevaluations of
these properties are being conducted,

i

207

B L L

¢ e

e eee




W G W+ € ¢ 3 - ot " iy

e

-

Rotsordaat Sravtd oo mNAL oo AN B3N v 0
AT I R U S BUTIRTENN BN IRYRTSN L P}

Copnischit 19780 by Incomational  ssoviainn for Dental Reseach

Prompend o 0N

Comparative Dental Caries Activity in Dropouts and
Non-Dropouts from a Three-Year Study

NATHANIEL I, ROWE, RAY 1I. ANDERSON, and LESTER A. WANNINGER, JR.

School of Dentistry, The Univensity of Michigan, Ann Arbor, Michigan
8104, USA and General Mills Inc, Minncapolis, Minnesota

Design of a-clinical stwdy to determine the
impact of an experimental agent or regimen
on deatal carics activity must balance a num-
ber ol interacting variables 1o yicld meaningiul
results. At the ouiset, curies experience must
be determined for cach subject 1o permit sam-

ple stratification that will, in addition to age .

and sex, divide demal caries risk equally be-
tween the experimental groups. Unfortunaicly,
some individuals discontinue participation dur-
ing the course of the study. How damaging
this will be to group caries risk equality de-
pends on several factors, some obvious and
others inappareni. For example, a correlation
might exist between those habils or attitudes
that are expiessed overtly in discontinuance of
participation and the measure under examii-
nation-—dental caries activity. Couid it be that
dropouis have a peculiar or unusual dental
caries rate or risk, and. by withdrawing un-
equally froni experimental groups, do they de-
stroy otherwise legitimate samiple comparabii-
ity? This study examines compzarability of den-
tal carics experience during a one-year period in
two study sampics; onc group subsequently dis-
continued participation and ‘the vther completed
all three years of the study.

This study was sponsored by The University of Mich-
igan, finarcially supported by General Miils, Inc.. Min-
neapolis, Minn, and conducted with the cooperation of
the Ana Arbor Public Schoods System.

Examincrs durinz the icid study were . A, Regezi,
captain USAF, DC, Travis Air Force Base, Calif ind
J. Philip Supp, Departient of Puthology, The Univer.
sity of Wesicrn QOntario, Loadon, Oniunio, Canada.

{(eceived for publication July 24, 1972.

Ann Arbor scventh grade public school chil-
dicn of both sexes were enrolled into a per-
missive dental caries prevention study by pa-
rental  conscnt.  Demtal  caries activity was
determined initially and annually ' thereafter.
Examinations were conducted by two experi-
enced dentists. One conducted all clinical
examinations; the other conducted ull radio-
graphic examinations at the 0, 12, 24, and 36
nmonth intervals. Participants were instructed
individually in oral hygiene by a hygicnist; this
was followed by supervised brushing. The par-
ticipant was seated in a head-rest-equipped
poriable dental chair and teeth were examined
with a mirror and explorer. High intensity light
was carried uniformly 1o each of the indi-
vidual's teeth by a fber optic light catheter
within 2 hollow-handled mouth mirror. Ver-
balized observations were recorded on IBM
forms (by another dentist). Ssven X rays
(bvitewing and anterior) were taken per indi-
vidual per year. Of the participants, 544 were
examined at both the inittal and one-year
anniversary. Those present at examinations
one and two, but who subsequently discon-
tinued participation, comprised the dropout
sample (188 individuals). The remaining 356
individuals continued participation for three
years.

The table indicates the similarity between
the two groups. No statistically significant dif-
fercnces were found between groups in initial,
?nn!, or incremental DMF tecth or DMF sur-
aces.

Discontinuance of participation thus was
unrelated to caries activity.

DeENTaL CARITS ACTIVITY 1N DROPOUTS AND Naon-Drorouts

Drop- Partici-

ouls pants Drop-  Partici-
(188) (356) outs pants
Mcan Moan SDe sD Diiference Peicent L,
Age (in ycars 1344 13.19 0.43 0.3 -1).05 ’ [ ) -1.36
Sn‘f (in yearm) 0.54% 0.51¢ 0.50 0.50 —0.03 —-6.;3 -gﬁg
Initial DMF tecth 4.7 4.59 3.36 2.89 —0.1% —3.31 =0.5
!n'i!::{ DMF susfaces 6.61 6.26 .15 4.60 —~{.35 —35.51 -0.77
Final DMF tecth 5.73 5.7 3.91 333 -0.02 -0.37 ~0.06
Final DMF sutinces 8.01 7.60 6.40 5.27 ~0.40 —$5.28 —0.74
Incremenis DMF tecth .51 1.59 1.54 1.58 0.08 4.82 0.35
Increments DMF surfaces 2.55 235 2.72 T2.42 - =020 ~3.72 -0.87
* 8D, standard ceviation.
t Male = 1; female = €. .
188 J Dent Res January-February 1973, Vol 52 No. 1
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¥yotatic Reflex .RPesponse to. Unloading

and Loading Jaw-Jork Stimulation., D,

C. MCIAMARA, P. F. CRAGE,” W, D,

McCALL JR., and M. M. ASH JR., Univ, of

Mich. School of beatistey, Ann Arbor,

Michigan 48104,

Tae electroryograpnic salent period (5P)
following the Jaw-jerk refiéx has been at-
tridbuted to several scisory feedback con-
tributions. The obiective of this study
was to investigate the contribution of
"muscle tension and lengtn” on SP duration.

EMG from anterior tenporalis and masse-
ter, and vertical biting load of nine sub-
jects with normal occlusions were recorded
and displayed. During controlled clench
at 5, 10, and 15 kg., standardized unload-

"ing jaw-jerks were delivered to the chin,

followed by jaw taps in an upward direc-
tion. The latter resuited in a momentary
increase of load betwees the teeth. Simi-
larly, at a constant lead and varying ver-
tical openings of 10, 20, and 30 mm., ten
consecutive unloading-loading jaw taps
were applied.

Gased on the statistically significant
difference (p<.Jl) between the S@ dura-
tions for different forces, it was con-
cluded that there is a decrease in sp cur-
ation with an increase in force. The daif-
ference related to tre type of stimulation
was rot statistically significant (p>.0D.
There was ro statistically significant
differeace (p>.05) in 3P duration ralated
to different Ruscle lengtis.

Supported by USPHS Grant DE 62731-07.

603

Tre Intraoral Cariogenivity Test (1CT) 0 Young
Subdjeces. €. AL Ostrom* and T. Keulourides.
institute of Dental hescarch, Scheol of Den-
tistrv, Universicy of gt in dirmingtan
Previous Feperfts 0on tiw L7 tida 1973, Avs, 579,
330, 827) studied iniluences of seiected factors
on ceriogenesis in adult suhjects aged 35-60, who
had nunerous missing tesih anvd had relatively feu
renaining surfaces for natural caries. To extend
validity of the ICT test, the Crozat appliance was

" agapted to carry the ICT test enamel slabs in

acryiie flanges sudjacent to tne ruccal suzfaces
of the mandibular molars. Three fully deatulous
subjects, MH, SC, WH were aged 13, 15 and 23 and
had caries experience in 10, 14, and 0 teech.

With no extraoral sugar supplementation, MH and SC
showel low-moderate ICT cariogenesis; and WH

shcwed none., With extraoral [CT 3X sucrose immer-
sion for & daily 10 ain istervals, MH and SC showed
moderate and WH extremely iow ICT cariogenesis.
Four trials in each subject showed raffincse and
sorditel less cariogenic than sucrose, comparable
to trcported findings in older subjects.. Hicrobu_l
ceunts taken 2 hours after pumice prophylaxis
sncsed that the 1CT Dacrea zauze cover and the-
vashed euanel siad were nore sistilar to buccal
plazue of 18 than to sanpies froo the gingivel
crevice, vestibuie, dorsus tongue or saliva. After
the ICT had been worn 7 davs with sucrose supple-
wentation, microbial counts of the wasaed siab
shosed that Streptocorcus sanguis adhered in large
nuzbers and vas move punerous aan otier viridans
streptocoeci.  This st vl ’.CT_ cariglenesis
in voune fullv dertulous subomcts simiiaZ 0 Kh.
Lerrrigd fd gider Siubiert4.  Tuls suriesnls thal the
ICT ~easures the current H Agtivity :n=
¥ivo, incependent of tie : L,

Supported dy Contract Ko, NIH-NIDR-72-2030.
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Relative Effects of Polyphosphates on Parazetars
Possibly Related to Cental Carles. €. McOGAVGIHEY®
and E. C. STOWELL, W, A, hiospital, Long Beach,
Califorafa. .
Pyrophosphate (PP).ltripolyphoqpha:e (Tr2), et~
wetaphosphate (TMP) ani hexazetaphosphate (H%P) are
known to reduce caries f{a snizais. These experi-
®Benls were done {n én attempt to deteratne vhy TP
is superiar to the others. Hydroxyaspatite (HA)
pavder vas stirred vith equinolar (19724) or equi-
Phoshate (1024 PP) polyphosphate solutione e N
for 15-30 min, the saaples centrifuied and the BA
vashed vith K30. The HA was treated vith § ml of
3% HAc until neae solubility equtlibrius. The
relative solubilicy reducing effeces were:
P> TP?> PP 5> DP. 1In other experizents, the
treated HA vas stirred vith & metastable
Ca (1.0 eN) and MO, (3.6 mM) solutfonm (salivary
concentrationa, pH 7) for 5 min or alloved to stand
wvith interaitten: stirring for 2 days, and the
amount of Ca and/or PO, bound vas detervined. Pre-
liminafy data suzgest that inhibirion of ¥, dind-
ing was appreciably greater than that of Cs binding
for all compounds, sugzesting that they increase
the Ca:PO; ratio of the bound sineral. The order
of effects in Linh{biting long tera PO, binding ard
for iacreasing Ca:P0; tratio vas (oa equiphosphate
basis) EMP S TP2>PP>>INP. The firs:c 3 cozpound s
ware nearly equai in irhibiting shocrt terc PO
binding. All compounds ighibited tie adserption
of salivary proteins of toth high und lov adsorb-
sbility by HA, and the order of effects (on equi~=
molar basis) vas MHP~ TPPm~ PPO> TMP (siailar to
short tem PO; bindinz). It ©ay be that the poly-
phosphate mediated increases fa Ca:P0, ratio are
the result of fncresses in the binding of Ca salts
other thaa phesphate. If confirsad, this sight
explain the caries inhibitory superiority of TP,

Sugar Cariogenicity on Experimental Carios in

Humans., R, Bodden*, 7. Koulourides, S. Keller,

and L. Manson-Hing. Dept. of Oral Diagaesis

and Inst. of Cental Res., Sch. of Dentistry,

University of Alaba=a in Bimindham 35264
This study was cesianed L0 evaluaie the contridy-
tion of fructose, glucase. maltose, mannitol, meli-
biose, raffinose, sorpitel, sucrase, and aylitol
to.cariogenicity as measured dy an experimental ia-
tragral model is humans (N. Y. Acad. Sci. 133(1):
84-101, 196A; IADR Abs. #827, 1573). iduman volun-
tears with partial centures carried encwel slads
covered with Jacron geuze, for erhancesent of bac-
terial colonization, for one week ser exzariment.
The sugars were provided to the plagques extra-
-orally as supplements, 10 min ¢ timeg daily. After
one week in the moutn, the recovered slabs were
evaluated for the degree of demineralization by
aeasurement of indenter penetration. Concentra-
tions of 1%, 3% or 107 sucrose approximately
doubled the subject’s cariogenicity atiridutable
to the dietary substrates with no appreciable
difference betwaen the adove J concentrations.
Each sugar was tested against 37 sucrose, which we
adopted as a standard for the comparisons. The
results were computed fn ratios of test sugar/
sucroze. Ratins mear or above 0.50 indicate vir-
tual absence of cariogenicity in the tes: sugar,
while those near 1.6 indicate cariogenicity equal
to sucrose. With a minirun of 18 experiments per
comparison, the rattos were: Sorbitol 0.73,
raffinose 0.7;; fructo§e 0.93.’§annito¥ 0.71.t
relibiose 0.78, and xylito} §.33. Accorcing ta
this cata, xylitnl would be the masToreaising
Sucrgse suhstilute. Wwith LR EACAaLION OF Fruce

2s2, ali offer tesT Suqars were 1655 Cariggenic

than sucrose.

Susported by Contract No. NIM-NIOR-72-2030.

I e L

-

Al s S e e



3 IADR Abstracts 1974

608

he Chinical Fiiese of Phosphate-enriched
Breakfast Cereals on Dental Canes ncidence

In Adolescent Chilurear N, HLROWES, RANDER-
QX, L.A. % GER, Sch. of Dent., Univ. of
320, Aan Arbor and General 2iils, Inc., tpls.
l1e school 7th grade children of both sexes, arged
13years, were enrciied into 8 permissive carins pre=-
ventidn study. Participants were seqgregated Into 2
similar groups stratiliad by ags, sex race and pre~
vious carles exparienze. They were examinad annu-
8ily until age 16 years. Both groups received 7 R
rieties of ready~to-eat braskfastcereal ad Iib during
the study period. One group’s cereal {experimantal)
contalned 0, 18% additional nono 3:1 disedium phos-
phate, the other (conrcl) regular production cereals.
Examinations were conducted by two experienced
dentists: one conducted all clinical, tha other all
rediographic examinations. Participants’ teeth were
examined by mircor and explorer with high intensity
1ight carried untformly to each toath by a {iber optic
light catheter within a hollow handled mouth mirror.
Verbaltzed observations were recorded on [3M forins,
Radtographs were taken, 7/individual/year. Sample
size at the beginning was $63 and at termtnation,

375 children. [agremental caries of teeth (DMFTland
I : | -

aexams Land 4/ vaarsirevesled no siatigiic-

195 34

ignificant difference. Anterior teeth alone. pos~
terior testh alone, and posterior teeth excluding st
permanent molars, all revealed the control group to
have a slightly elevated carles incrementsl score,
but not statistically significant, Wren only newly e
rupted tecth were compared, greaterdisparity between
groups was observed Lut due to decreasad sample
size the difference was not statistically significant.

607

fering Capacity, Sugar Content, and Cario-
icity of Foods. S.KATZ,* B.L,OLSON,

J. L. McDONALD, JR. Indiana University
2¢chool of Dentiatry, Indianapoiis, Indiana, -
Observations conducted at our laboratories as
well as elscwhere show that the cariogenic po-
tential of different breakfast cereals, as mea-
sured both in animals and under mouth simulation
conditions is not related tn the sugar content of
the cereal, nor to its retentivencss on the tecth.
In fact cereals with high sugar content and hizh
rcteativencss have been observed to induce less
caries than others rather low in suar and with
low retentivencss. The only parameter which
apprars to relate well with the cariea-inducing
ahility of the cercals is their buffering (nr acid
areutralizing) ability. The buffering capacity of
the cereala in duc chicfly to their mineral con~
tent, which comen [rom two sources: those which
aze inherent in the cercal's.ingredicrts and those
which are added. In addition, some cereals are
high in protein, and this alsu <mn contribute to
buffering. We have been able to determine at
least two kinds of buifering activity ia cereals:
bound or fited, i.e., buffers that are not easily
teleased; and soluble or readily available, which
are released rather rapidly. The cereals which
in our experiments, ard those of others, induce
the least caries are those rich ln buffers in both
categories, The behavior of different cereals as
to buffering, sugar content, retentios, and cario-
genic potential is preseated through tibles and
graphs, which are analyzed for their most
meaningful conclusions,

206

606

Bffoct of Califn, and Trizeiaphouphate (TVP) on

Gartopentctty n Nuanna, <, KOUINCRIDESe,

To HOUBCH, and H.C. JAMISON. Iass. Dent. Res.,

Avhanl of Donriarry, ta V. 8 Alabana {n 8'han,
In pravioualy repuries studins uging bovine eammel
wiabe worn for the intraaral Cartaienicity Test
{ICT) by hiuman aubieccs, JX eucrose suzyieventa-
tion for four 10 =inute intsrvaia dally approxi-
mately doubled the cariozenests attributania to
the host's diotary subetrate. (¥.Y. Acad. Seci. 83
(1):184-101, 1963; IA22 Axe. #1687, 1972). The pur~
pone of the present wark vas to explore the effect
of 1X CaliP0y or 1% sodiuy trizataphosphate (IM?)
additives on the caricgentelty of I3 eucress sup-
plenants, Sixtesn experi-ents vere corducted for
corparinon of esch adcitive agalnss pucrces sup~
plemants. The dezres of caric nesia vas svalu-
atad from the differeaces betvesn intcial and £inal
xessursnanta of ricro indenter penetration on pre~
softensd and sound anazel. The micren Fenatratfon
change (M2SE) In razfon of sucrose + sdditive over
sucrose alone for sound and presaftenad enacal,
Tespectively, vere, Cali?d,: 0.9720.20/1.3120.32;
0.4920.21/0.9620.37, ©Tv7: 1.5820.32/2.45:20.53;
1.0720,31/1.8220.52. Thase ICT results indicate
considerable counteraction of the effect of sup~
plenental sucrose by ths sdditives. A subsequent
test of acid resistance of the slabs recovered
froa the ICT shoved no appraciable &ifference be-
tween the compared groups. In conslusion the we
tested .ddifiv:s Jrotect the enanel fram casio-
genic attack, but thev Fave po restduc. effect on
the resistaace of eanrel to future attacss in the
absence of the additives.

Supported by Contract ¥o. NIH-NIDR-72-2030.
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Corralatfon Zetwsen Carfogenic Indices of Foads
and Kat Caries. B.M. SHRESTHA®, S.A. WUNDOREF,
J. ROWLEY snd 3.C. BIBBY. Eastaan Deatral Ceater,
Rochesater, New York.

The KSnig Automatic Rat Feeder was uwsed to
decerning the telationship between the produc—
tion of carfes in rats and the cariogeaic indlcas
obtatoed for various snack foads by 'in vizro*
decalcification from salivary ferzencazion, oral
food clearance und plaque pit deterninetioms.

Croups of 8-10 weanling albino rsts vers fed
various test diets at the same freguencies for
six veek pertods, st the end of which, all rats
were sacrificed and their mandibular teeth
exanined and scored for caries using Keyes'
sethod. Navia's 0200 Cariozentic Diet was used so
concrol and all racs were given distilled vater
'ad 1tbicum’,

Of the 8 snack foods teated, dark chocolate
produced 39X wore cariea than the control grouwp,
wvhile wilk chocolate producad only 4% oore,
Althouzh graham crackers and potato chips beth
produced less carfcs thaa the controel, tha
grahans gave 15X more carics than the potato
chips. Of the recaining four snack foods cested,
fudge bar and coconut-chocolate bar with almonds
produced 26X and 163 less caries, respactively,
while caramels produced 41 move caries than tha
control. Coconut-chocolats bar without alnonds
§ave approximatsly the saza asount of caries as
the control.

With the sxception of the fudze bar, all the
fiadings in rat caries correlated wizh trose
givan oy "in ro’ cariogaalelty Incicca.
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In Vitro Carics Production by Snack Foods
AF. YAARI, F.O. RARRITT® and D,G. BIDnY
Eastman Den%al Ceater, Rochester, New York.

An in vitro system (I.A.D.R, Abst. #1139, 1973}
that preduces caries-like changes in enamel

wvas developcd for the study of the relative
cariogenicity of various foods and for evaluation
of plague formation and maturatiea. In it

tooth sections are exposed o an automaticaily
controlled flow of thawing quick-frozen whole
huran saliva. WVarious corbohydrate Zoods, held
on the tooth swrface produced sub-surface

enarcl lesions, whicii, when viewed after $ days,
under polarized light, ranged from lau to 4%u in
depsh,  Pindings on the relativa cariogenicity
in this system, coniistent with those given by
in vitrc an? anirmal tests, include more exteniive
1rzjons with white bread (32u) than with briwn
bread {23, anl with dack chocdolate (20a1) than
with rilk chesolate (liu). Parallelism with

1n vitro emarc] gominuralization and oral food.
clearance tests has also been found with scveral
ather candies and cookies including gingersnaps
(29u), chocolate chip cookies {15u) and graham
crackers (25u):° The extent of the “carious”
lesions produced by additional foods already
tested in anirals and chosen because of the
contrasting results obtained in in vicro
laboratory tests, will also be presented.
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Caries Promoting Properties of Sucross Sudsti-
tutes in Foods: Mannitei, Xylitol and Sorbpitol.

J.M. NAVIA®, H. LOPEL, and J.S. FISCHER. inst.

Dental Res., Sch, of Demtistry, University of
Alaha=a in Bifminghaa, 35204, .

Manritos (Miij, Xyiitoli {Xit; and sorditol (Sdl
kave been suggested as sucrose substitutes in Zoods
to reduce their caries potential. The abject of
this study was to evaluate the caries promoting
sToperties of these sugar alcohols in comparison to
thaose of sucrose (Suc) or fructose (Fru).

Four experiments «cre conducted with the follew-
ing design: Groups of 32 weanling rats (S0-Cal)
were fod & cornstarch dicz #300 contaiaing the test
sugat (particle size:125-1504) at a low ievel of
$%. After 20 days on this diectary regime, rats were
sacrificed and the molars scoved for buccal and
suital caries by the mcthod of Keyes (1958}, Jams
were prepared (Foremost Res. Center) replacing Suc
with XIt or a mixture of Fru and lactose, These.
jams were fed as snacks to rats in a prograsmed
foeding cagze (K3niz, K., Arch.Oral 3iol. 13.13,
1568} and after 20 days the rat molars were scored
for buccal and sulcal cdaries.

Expr. #1 cozpared Suc, Fru and Sbl and showed no
differences in buccal (10.5, 10.7, 10.3) or sulcal
{19.4, 11.0, 3.7} scoves. Expt. #2 coapared Sug,
Xit and Mnl and also showed mo.significant differ-
ences im buceal (i3.3, i15.1, 13.7) or suicai (10.3,
16.6, 16.3; scores, Suc, X1t and Mal were Tetested
im Expt. ¢3 with similar resuits: buccal (10.3,
10.5, 11.2), sulcal (9.5, 8.9, 9.8) scores. in
Expz. #4, Sud ja3 was compared to Xlt and Fru-
Lactose jans and ro reduction in buccal (3.4, 4.0,
4.2) or suleal {§.7, 7.3, 11.0) cavies was shown
for sudstituted juns. Sugzur alcohsls, on the basis
S0, AdVArtazes Ll
s toous. (duppurted
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Progranmed Feeding/lirinking System for Rat
Caries Studies: Sucrose vs. Frustose.

O.P. CURRIE® and J.M. %aVIA. Institute of -
Dental Rescarch, School of Dentistry, Univer-
sity of Alibana in Birninghua, 35291,

Studies on the carics potential of driferent su-
gars have yicdlded conflicting results, Control of
feeding and drinking patterns, snong otiner ap-
proaches, is essential to standardize caries test-.
ing in rats (Navia, J.M., J.Dent.Res, 49:1213,
1970) . The purpose of this-study was to develop a
programmed feeding/drirking systen to évaluate the
cariogenicity of sucrose and fructose in soiutions,
thus avoiding the variability contributed by parti-
cle size of sugars suppleasnted in diers, .

Forty-five male, weanling vats (SD-CRL) were ran-
domly divided inta 3 groups of 15 ecach and housad
in special cages in which all animals received
1iquids and a solid diet at progracmed intsrvals,
All animals received a non-carics prometing basal
diet {Gel-P453), The test groups drank D% sucrose
or 10% fructose solutions and control rats received
distilled water. The liquids were offered 10 times
and the diet & times during 3 14 hour night. period.
To insure cqual consumption of water, the volunes
of test solutions offcrcd contained equal amounts
of water as that consuncd by control rats. After
23 days the rats were sacrificed and the buccal,
sulcal and proximal molar surfaces scored for
caries (Keyes, 1958}, Rats in the fructose groun
had significantly higher csrifs scores than those
in the prous receiving 55crost (p<0.405) 1 sciue
tion. Laries scores of rats Srifni fructose or
sucrose werd SiIairid thoste of
Tats crinalsg cistillies j. The
Sysica proved to be a userul approach to test the
caries potential of liquids containing sugars and
faod beverages. (Supported by NIH-NIDR Contract No.
722403 and DE-2670.)
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Rat Oral Flora Modifications Induced by Dietary

Sugar Alcohals. A.J. NARKATES® and J.M. NAVIA.

Inszitute of Dental Research, School of Deatis-

t Lniversity of Algbama in Sirmingham, 35253,

SUzar aicohols, WMORg OCL2T sweereaing apeits,
have becn suzgested as susrose substitutos in mawu-
factiured foods to reduce their caries poteatial.
The object of this study was te investigate the
wodifications induced by xylitol or sorbitol ia
comparison to fructoso, sucrese and starch la the
oral flora of selected sites on molars of rats used
to evaluate the caries potentiai of these sujars.

Male rats (SD-CRL), 19 days oid, were distributed
among § groups which were offcred basal diet MIT
#305 with the followiig modifications: I. 5% sorn-
starch, II. S% sucrose, IIi. 5% fructese, IV. S%
xylitol, V. 5% sorbitol. On days 21, 30 and 41
after birth, rats were sacrificed and the buceal
and sulcal surfaces of wolars were selectively
sanpled and piated in differential media for strep-
tococei, lactobactlli and coliforms, Streptococei
were differcatiated by colony morphology and fer-
mentation patterns. Sultal simpies contained 100
times more colony forming units than buccal san-
ples. Streptococei constituted 30-60% of the tetal
counts, Buccal and sulcal flora fros rats iad zroups
TV and V were csseatially all S. auzams. §. muians
iselated from rats in group ¥ wore of Bhe SuT.0-
gical type 4, aad fermented sorbitol and manmitel.
The S. mutaas isolated £roa gToup IV fermented
aylitol as vell as mannitol anc sotbitcl.. Isuiates
fron the other groups were wmostly S. saajuis, S.
ritans and a few coliforss and lastebaciill which
I minashed in ausber with increase in ‘age. Jietar
sugar alcohols jnluce 3 fiors =hich is zarios-nic
thd wWach tested in the rat Toael, shoe focasvans
TLECS a3 SuCrase Subalitii-s Srody. (oupparted
0.0

-

FORR.




i i SR YOI,
N itarabotn e e st - 2

IADR Abstracts 1974

613"

lative Cartosentetey of Natural and Refined
Ars.  ALE, NITELT, S,A. MILLER, T,.M, CLEARY,
S. OUINN,  Tufte, Soaton, ane M.1.T.,
A=p idon Mangirkaprea,
The averall puriase orf this SLLGY was ke comnare
the cartosrntcicy of sycrone tertved fram natural
8003 sources with (hat derived from refined
precucts,

Four groups of § dav ©id haasters were fed diezs
sontaining 713 cartohvdrate (rest suzar + eclly-
lose), 213 laezaliua 42 cotn otl, 3% salt =ix,
-8nd 13 vitasin =ix. Tre Phvsical texture of the
déiecs separaced thea into two categories: powder
group {powdercd su24ar), ard viscous Rrouvp (invert
< BURAr, or honev, or raisins),

To ecualisze the oral Slora, all ani=ale received
oral inoculations of oireploaycin resistant strep
putans,

-Afeer 107 dasvs on their Tesdective dlets the ani=
wals vers sscrifices an the oolars scored for
caries. There was ro statistically sfzatficant
diffesence ia caries ircidence between tire Rroups
‘fed scerose or faver: suzar, Also the carfes
experiences of those aalnals fed & honey or 2
ralsin diet or sn irvert Suzar diet were the same.

This suggests that boek viscous ard powdered
SuCTose can produce the sase caries {ncidence.
-Furthersore, the current fa¢ of sudssitutiag
Batural sources of concentrated sugar, (such as
honey or raisins), for refined sugars in order
to ninlaize dental caries developnent 1s proda-
bly not walid. :

1.Dissolution by Cardonated Severages,
€ Drinke, g2 Fruiza, S.A. MUNIORFT* and
3.C. BIBSY. Ezstam antal Ceuter,

Roghester, New Yooi.

To evaluate eazmel cestrustion by catbonated bev~
orages, frult dricks and fresh fruits, measure-
Bents vere sace of their piy, natural acidity (NA),
eatdalydrate (Ci0) conteat 4 oral elearaace
rate; md usiip pravious methods (Zad2 1973), pa
chmnzes, titratabie fer=eazatlon actd (7A) and
enanel decalcification raciea vers dsteruined
after focudatfon i vhole saliva,
Of th> reaular o Ated Scomprenn, Drmen Crig
2ucaisifind tha Ernensi, 194 CoceaCeln, ths
Jerat. This ciifercnce could not be expistned om
the dasis ©f FA or NA, Tua SSa=svnarad pana, Tey
Fraaca, #aeh ¢oceteifioz onlv 1/3 etm ~5mp
of ensel of the regular poje. iere, the rlac in
pB afzer lncudation secms to te the deteraining
factor, rether than NA. Coztomatton prodiss
ifeeie, i ony, effact 2d_enssl disaalye
tien,
donaw the prosmaged £
glcifiar

T Auices, the Yoiser dea
2 21ves by tha seale,
Tiia odiaTvation smexs
Telsged €o tralr c- ATATIVeLY lovar NA o2 PA

sesap bt o

$hr Autcen vire

3 Lezrielfry
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The Relationahip of Cartes, Hyplenn and Dice

in 453 Crhildren. M.A. EOtD and A.S. RICHARDSON,

Faculty of Deatl-ery, Univeratty of Brichal

Golumhia, Vancouver 8, B.g. e
The lnt.-rrclmhmnhlp of dict, oral hyslene ang
caries was evaluated., Of the aample slie of 453,
232 children vere tn Grade L and 221 vere in
Crade VII. Five-day diet Survcys were ghtatned,
folloved by clinfcal exaninations for oral hyglene
3¢ caries. By peans of ¢isclosing solution,
®outh mirror aad 148N, three oral hyztene indices
vere recorded: 6 sutfaces, & colar sucfaces and
one nolar surface, Using wouth cirrar, explorer
and extraoral light, four fndfces of carice
activity vere vecorded: LMFT/T and TM7S/S for
first permanent wolars, and for total peraanent
teeth. In the Grade I children, two adéftfonal
irdfces vere used for caries: daft/t and dnfsfs
for D's, E's and §'s. From the dfet surveys,
refined and total catbohydrate consuzazions vare
calculated per cay as betveen meals and totalled
for that day. The five~day totals, waich included
one weexend, were recorded along with frequency of
eating per day and the $~day total frequency.
Cozputer analysis revealed no correlation between
carbohydrate consuzpilon and caries or oral hyztene
indices and carles, t » 6.03 - 0.24. There was a
low correlation (3. 16) between frequency of ‘eating
and caries 1n first persasent wolacs. The
correlation within the three oral hygtene fincices
vas 0.70 - 0.77 and within the caries indices
Q.51 - 0.94. No relatfonship vas eetablished
betveen oral hyziene Indicce as recorded in thia
study and carfes. Carfes d{d not appesr to be
Talaced to carbohydrace consuaption as recorded
by this five-dsy diet survey.
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Heasurisgz Attitudes Tovward Dantists

&ud Dental Care. P.S. PUSINS, ¥, 3,

ROCENAZN and Y.J1.v, GOLDZE2GC. Uagvw.

of Rocboeter and A.L. Jordaa Bealth

Center, Rophester, New York.
Pationt satfcfaction Ls am fuportsat
aspect of guality of care. This study
davised aa insirument to Eessure sacis~
faction with deontal care 430nz naighbor-
hood health ceater uszars.
Based ou s acale of satisfaction with mad-
ical care snd ansvers to a0 open-eaded -
survey gquestion, 35 statexente expressiag
satisfaction and dissatisfaction with den-
tal care wvere formulated. 15 statenencts
were elininated in preteats. The paper
and pencil adnintstration vas Teplaced by
& card sort techaigque using a saall box
with five alota for degreas of agresment
or disagreesent. The scale with 10 post-
tive and 1) negative ftems waa adainiater-
ed to 208 patients and reached a reltabil-
ity of r=.678. A parsllel 24~iten scale
aossuring satisfaction wich nedical care
bad 2 relfadtlity of T=.632.
14 phystcians and 14 dentiets {a thae
Health Network Judzed the degree of satis~-
factlon or dissatisfaction expressad 1a
the stateaents. They also predicted the
dveragze patleant raspense. 3Both physticians
and deatists anticipated more dissstisfac-
tion than wvas actuslly expreseed.
An li!l“ﬂ.lylil, a factor analyeis and .
the Thurstone ratiog helped to propose a
finsl 1)-iten scale of ifeater homogenetty
#8d reliadility for future usa.
Punded fn pare by 0.P.0. graat £20029,
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Diet and dental caries: dental caries incidence

and the consumption of ready-to-eat cereals

Robert L. Glass, DMD, DrPH
Sylvia Fleisch, MS, Boston

The estimated amounts of regular and presweet-
ened ready-to-eat cereals consumed by 949 chil-
dren during two years were analyzed to determine
the existence of an association between caries in-
cidence and the consumption of these cereals. The
average cereal consumption by type of cereal was
estimated for each participant, ard the children
were classified as low, medium, or high consumers
of cereals. Analysis of data on need for restorative
treatment in permanent teeth and in permanent
and deciduous teeth, by type and amount of cereal
consumed, showed no association between caries
incidence and cereal consumption. The cario-

genicity of a food may be related to its consistency. -

the time of consumption. and the conditions under
which it is eaten, as well as its sucrose content.
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In view of attention focused recently in the Uni-
ted States on the sugar content of children’s diets
in relation to dental caries, it seemed worthwhile
to analyze from this viewpoint, the records of a
clinical trial designed to evaluate the cariostatic
effect of 1% sodium dihydrogen phosphate added
to ready-to-eat cereals, including presweetened

~ cereals. The children participating in this study

were provided with generous amounts of these

cereals free of charge for two years. As no phos-
phate treatment effect on caries incidence was

observed (unpublished data by Glass), a finding

later corroborated by an independent study,’

data for experimental groups could be combined

for other types of analyses. .

In the present study the amounts of cereals
consumed, both regular and presweetened, were
analyzed and their relationship to several meas-
ures of the caries incidence observed during the
experimental period of two years was examined.

Materials and methods

A total of 1,199 children from 690 families parti-
cipated in the clinical trial. At time of entry to
the study, ail children were between 7 and |1
years of age; they lived in eastern Massachusetts
communities where the amounts of fluoride in
the supplies of drinking water were not signifi-
cant.

On entrance to the study, each participant was
given an oral prophylaxis: comprehensive clin-
ical and radiographic examinations of the teeth
were made. Three examinations were carried
out by the same deatist under standard condi-
tions at annual intervals. Nutritional histories
were made for the children through their mothers

" JADA, Vol. 88, Aprit 1974 807
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ORDER BLANK: You may erder any ossortment of careals shown below,
Write the numbsr of pockages of sach product you wish to order oppo-
site the product name. The TOTAL number of packages in your order
should be o multiple of FOUR (4, 8, 12, etc).

BOOYO .

1. CORN RAKES 0. PEP (WHEAT RLAKES)

8. 40% BRAN FLARES

oL BAISIN SAN

84, RICE XMISVIES

o3 SUGAR POPS

06 SUGAR PROSTED MAKSS
. SUGAR SMACKS

LLLL

| |

L

LLLLLL

09. COCOA KRISPIES -

lo. SHREODED WHEAT
. BPRCIAL R

ﬂ ORs [OAT CERIAL

3. FR00T LOOPS

14, HIOSTIO STARS

TOTAL NUMBER OF PACYADES

Fig 1 » Cerea! order form showing types of cereal provided. All
arder forms were preprinted with participant's identification’
number, here BOO40. Address for delivery station was printed on
reverse side of form, with name and addrass of participant.

by trained nutritionists. Records were also made
of the number and age of members of the immed-
tate family. During the examination of a child
the mother was instructed in the method of or-
dering supplies of ready-to-eat cereals that were
provided free on request to all participants and
their families. Fourteen types of cereal, eight
regular and six presweetened, were made avail-
able to provide the variety considered necessary
for continuing participation. All cereals were
- provided by the Kellogg Co. Mothers were asked
to encourage their children to eat as much cereal
as they liked, and at least one serving daily. All
cereals were provided in the same style of pack-
aging as that available on the open market.

Free dental care was offered to all participants
at the Forsyth Dental Center to provide addi-
tional and continuing incentive to cooperate.
The treatment philosophy was similar to that of
a practicing pedodontist. except orthodontics,
prophylactic odontotomy, restoration of mobile
deciduous teeth, and fluoride treatments were
not provided.

The records of 979 children are mcluded in the
Aanalyses for the present study. Although i.011
of the original children were still participating
when the study was terminated. the 979 parti-
cipants included here met the additional condi-
tions of having all their dental treatment provid-
ed under the supervision of the project dircctor
at the Forsyth Dental Center; also all the records

808 = JADA. Vol 88, April 1574

of the families’ cercal orders were available for
the entire two-year span of participation. As no
treatment effect due to the phosphate supple-
ment was observed, data for children in the ex-
perimental and control groups were combined
for the purpose of the present analyses.

A blank cereal order form and the types of cer-
eal provided are shown in Figure 1. The amounts
and types of ccreal requested and shipped in each
order, participant identification number, and
date of order were punched into machine records
cards. All cereal order cards were sorted on date
of order and family identification number and the
information then coded on magnetic tape. Varie-
ties of regular and presweetened cereals were
identified and totaled to provide the number of
boxes of regular cereal, boxes of presweetened
cereal, and total boxes of cereal delivered to each
family. Annual totals of each of the latter quan-
tities were divided by the number of family mem-
bers, excluding children under age 1, to estimate
the average cereal consumption by type for each
participant. These figures were verified on an
individual basis through the dietary histories ta-
ken by nutritionists.

Findings of clinical and radiographic dental
examinations were originally recorded on op-
tically scanned, precoded examination records.
These were processed by machine that encoded
findings into punch cards to provide the data
base for the: calculauon of canes increments.




Caries increments are shown in terms of new de- Table 1 » Distribution of children by age and sex at
cayed andor filled (DF) surfaces. These are ex- the lime of the first examination.
pressed as net new DF surfaces (observed minus Age " Boys Girls Totat
changes in diagnosis). and net annual caries in- 7 ) P 78 144
cidence rate per 100 surfaces at risk?: rate equals s 2 b4 s
sd+sf+ud+uf— (ds+fs) / ss+us+sd+sf+ud +uf 10 1o 7 207

T . 1 4 B 58 137
multiplied by 100, where the first letter in any Total 505 a7 979

pair indicates the surface status at an examina-
tion, the second letter indicates the status at a

subsequent examination, and s equals sound, Table 2 « Mean counts of DMF teeth by age and sex of 979
equals decayed,fequals filled, and u equals un- children at times of three examinations, each one year apart.
erupted. This caries incidence rate adjusts for ' Boys Grrls Total
any possible differences in tooth surface popu- : Age Mean SO Mean SD  Mesn SO
lations at risk. In addition, those tooth surfaces First ation
requiring restoration, according to each child's 7220 177 223 179 222 78
 dental treatment plans made at the times of the s a3 I 2 e 2w .
. s : 10 4.14 207 4.6% 2.68 4.4 2.38
f!emal e,\ammauoqs, were co_ded_and .punc.hed X s34 282 503 au s 2
into cards along with appropriate identification. Second
"
These cards were processed by computer to ob- examination 8 289 168 327 162 310 1es
i 1 i . 9 - 350 19 351 172 356 188
tain for each clild, on an annual basx-s: the num 0 38e. ves 47 287 a3 oo
ber of permanent tooth surfaces requiring restor- n ;;: 2 5.9 2:2 555 3 1
ation and the combined number of permanent Thira ‘ ’ ' ' ‘
and deciduous tooth surfaces requiring restora- eramination S 402 156 40 18 42  im
H ; ini is 1 § 10 4.94 2.80 4.73 2.38 484 260
tion. Summary cards containing this information 10 se2 348 T2 avn  ah I
were prepared for statistical analyses by com- 12 757 394 911 550 830 478
498 10.41 487

13 11,04 4.75 9.55

: puter. .
m Severai methods were used to Znalyze the *
‘...~ data. The mean age-specific counts of DMF
teeth observed at each examination for each age
group were piotted for inspection, along with the
corresponding age-specific counts for all Massa-
chusetts children. The DMF counts for the Mas-
sachusetts population used for comparisons
were determined in an independent survey of
8,934 children of the same age distribution. The

surfaces; annual caries incidence rate; annual
counts of permanent tooth surfaces requiring
restoration: and annual counts of permanent and
deciduous tooth surfaces requiring restoration.

latter survey was carried out by the Dental Divi- Results
sion of the Massachusetts Department of Public
Health.? The distribution of the 979 children is shown by
The data on cereal consumption were used as 2ge and sex in Table |. Their caries prevalence
continuous scale measurements in regression as characterized by mean age and sex-specific
analyses of cereal consumption on age, caries counts of DMF teeth is shown in Table 2. The
increments, and needs for restorative treatment. mean age-specific DMF counts are plotted by
In addition, this scale was collapsed to an ordinal age and examination in Figure 2, along with cor-
- scale to circumvent the difficulty involved in the responding mean age-specific values for 8.934
exact measurement of cereal consumption. By children (one examination only) from represent-
means of this technique, children were classified ative communities in Massachusetts.
as low, high, and medium consumers of cereal. The caries prevalence of those in the study ap-
Low consumers were defined as the lower 275 proximates that of the Massachusetts popula-
of users, high consumers as the upper 27%%. and tion. The growth curves resulting from the mean
medium consumers as the middle 46%. This pro- age-specific DMF counts from the three exam-
cedure utilizes a modification of a technique inations of study participants increase at a rate
developed and talidated by Keliey.* For these * “similar to that of the Muassachusetts population.
thres groups. statistical analyses were carried Analyses of cereal consumption in terms of
oui by anaiysis of variance for these variables: boxes per child per year are shown in Table 3. On
age; annual counts of new decayed and/or filled the average, consumption of regular varieties

Glass—Fleisch: DIET AND DENTAL CARIES « 809




lt L) - . T . L . . LIS E 4 1 L&
- smemes MASSAGHUSETTS GHILOREN ’ 1
10k e SAMPLE IN CLINICAL TRIAL - n
b 4 o o
» of
W
W . o
-
w sl -
=
- 4
$r -
2t .
_/’L_L' 4 It i L 5 L
7 . 9 10 u ” 13
AGE

Fig 2 s Mean counts of DMF teeth in Massachusetts children, 7 to 13 years of age, and

sample participating in clinical trial. Solid tine cg

nnects mean age-specitic counts of

DMF teeth for 8,934 Massachuselts chilgren.? By age group, dashed lines connect mean
age-specific counts of DMF teeth observed at three examinations carried out a year
apart for 979 children in present study. For example, 7-year-old children were aged 8

at second examination and aged 9 at third examin

Table 3 » Number of boxes of cereal consumed per
child per year, for 979 children. _
. Regutar ‘Pre.swe-romd vTotal

First yaar
Mean 16 18 M
:1a) 10 A1 18
Minimum 1 4] 8
Medran 14 18 a1
Maximum 115 90 206
Second year
Mean 14 15 29
SO ’ 10 11" 18
Minmmum ¢ 0 2
Median 12 13 6
Maximyry 72 68 138

was slightly less than that of the presweetened
cereals. However, a considerable range in estim-
ated amounts consumed is evident for both reg-
ular and presweetened types. Cereal consump-
tion generally was reduced somewhat during the
second year. Each box of cereal on the.average
contained 10 oz of cereai. so numbers of boxes
should be multiplied by 10 to determine intake in
terms of ounces of cereal. More than 33.000 box-
€s vere consumed by participating children dur-
ing the first year and more thun 28.000 soxes dur-

. ing the second year. The cumulative PNEercentage

distributions of children were plotied against
amounts of cereal consumed {not shown); the

810 » JADA. Vol 88, Apnil 1978

ation.

shapes of the curves are similar for regular and
presweetened cereals for each year,

Tables 4 and 5 show analyses of age, incre-
mental caries. and needs for restorative treatmeant
in permanent teeth and in permanent and decid-
uous teeth according to type and amount of cer-
eal consumed. Low, medium, and high consu-
mers are defined as previously specified.

During each of the two years of the study, the
mean age of consumers in each catcgory was
nearly identical, differing only by no more than
0.1 of a year. Statistical analyses by analysis of
variance resulted in F ratios less than the criti-
cal values, demonstrating that observed differ-
ences in age by group were nonsignificant.

Statistical analyses by analysis of variance of
the two measures of incremental caries demon-
strate no statistically significant differences
among levels of incremental caries during the
first or second year of the study. Examination
of the rank order of the measures of caries in-
crements during the two years encompassed by
the study shows no consistent trend of canes in-
cidence that suggests an association with cereal
consumption. T
- Statistical analyses of the necd for dental re-




Table 4 u Analyses of age, caries incremernts, and dental restorative treat-

ment needs according to cereal consumption: first year. -

Low Medium High
consumers 0 ars s
Mean sD Mean SO Mean SD F
Regular Cereals
1] 994 130 993 1.27 9.94 1.25 0.02
* Nel increment* 196 327 2.2 3.18 2.2% 2.90 0.79
Caries incidence rate? . 235 409 274 - 379 2.80 3.64 1.16
Permanent treatment 188 275 2.34 3.28 2.19 2.74 2.04
Total treatment 275 346 385 4.28 328 364 353
No. children 264 451 264 s
Rarige of consumption in : )
boxes per yoar 192 9.3-19.% 19.2-115 iee
Presweetened cereals X
Age 10.01 1.26 $.90 1.28 9.93 1.28 0.87
Net increment 201 389 215 280 234 282 O3
Caries incidence rate 24 4M 270 an 288 350 1.36
Permanent treatment 213 347 2.13 2.77 2M 2.9 0.33
Tolal treatment 305 429 332 3.84 3% 3.64 043
No. children - 261 453 265 s
Range of consumption in
boxes per year 0-9.8 9.9.21.7 21.8-90.0
All types of cereal :
Age 999 130 9.91 1.27 9.93 1.25 0.40
Nel increment 202 38 2.05 2.80 2.50 2.87 2.12
. Caries incidence rate 238 4.2 2.5% 3.67 311 362 283
Parmanent trealment 202 33 2.8 292 2.32 2.80 0.65
Total treatmant 292 404 3.39 3.94 3.36 an 1.33
. No. children . 264 448 269 —e-
Range of consumption in
boxes per year 6-20.7 208-29.8 39.9-208

*New doélytd and filied surfaces.

tNew dacayed and filled surfaces per 100 surfaces at risk.

Table 5 & Analyses of age, caries increments, and dental restorative
. treatment needs according to cereal consumption: second year.
Low Medium High
L] 2 i
) Mean SD Mean SO Mean SO F
Regular careals ’
Age 10.91 1.3¢ 1092 126 1099 125 0.32
Net increment* 4.24 487 3.84 4.16 353 393 1.79
Caries incidence ratet 430 454 388 386 3.55 392 2.28
Permanent treatment 438 542 3.8 4.12 352 407 2.23
. ' Tota! treatment 5.08 567 436 488 412 430 2.65
No. chitdren . 263 451 265 een
Range of consumption in .
boxus per year 0-7.4 7.5171 17.2-720
Preswestened cerpals :
Age 11.01 .26 1091 130 1091 124 0.64
Net increment 4.04 $.02 368 400 a0t 404 0.80
Canes incidence rate 39 4.58 s 3.90 407 388 0.34
Parmanent treatment 448 595 373 438 357 398 2.90
Total treatment 498 599 435 464 421 43 1.89
No. children 263 452 264 . -
Range of consumption in.
boxes per year 0-7.8 7.7-19.2 19.3-680 -
All types of cereals :
Age 10.94 1.30 10.95 1.28 10.90 1.24 0.14
Nel increment 422 509 382 41t 359 376 1.46 -
Caries incidente rate 414 481 392 3w A65 273 0.98
Parmanent treatment 433 5.01 3.89° 452 3.45 . 2.27
Total treatment 490 592 4468 474 412 427 1.68
No. thildren : 263 446 n
fAange o consumption in : ,
dboxes per yssr 2.0-16.2 358-138.0

16.3-35.7

*New decayed and filted surtaces.

tNew decayed and tilled surfaces per 100 surfaces at risk.

«om.1-2 treatment of permanent tooth surfaces
ssmontrate no statistically significant differ-
: -z~ .mong groups with different levels of con-
«_ -n. Dunng the first year of the study, the
-=nce among groups of regular cereal con-
..~.+ in the need for restorative treatment of
.>—-ed permanent and deciduous tooth sur-

faces is significant (P=0.05). (According to stat-
istical theory, | F ratio in 20 is expected to be sig-
nificant because of chance alone.). However. no
signiiicant differences are observed among mean
treatment needs of permanent and deciduous
teeth according to grouping based on consump-
tion levels of presweetened and all cereals. Ex-
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amination of the rank orders of the mean levels
of need for dental treatment in all categories of
consumption during both years of the study re-
. veals no consistent trend that suggests any asso-
ciation between caries incidence and cereal con-
sumption.

Regression analyses of cereal consumption
with the several measures of caries increments
also showed no association between cereal con-
sumption and caries incidence. The observed
correlation coefficients were near zero, ranging
from +0.08 to —0.07 and equally divided be-
tween positive and negative values. The correla-
tions between age and cereal consumption were
also near zero. ‘

Discussion

As seen in Figure 2, the caries prevalence of the
sample of participants is quite similar to that of
the Massachusetts population. This similarity is
remarkable in that the two sets of data are de-
rived from two completely independent studies
with two sets of examiners operating under their
own diagnostic criteria. The data in Table 2 plus
the plots in Figure 2 demonstrate that the parti-
cipating children were ‘susceptible to dental car-
ies and that their caries prevalence was typical
of that of children in a nonfluoride area.

As mentioned in the previous section. the cer-
eal consumption of individual children was es-
timated from family size and orders of cereal. It
is impossible to determine with accuracy the ex-
act amount of food ingested except in metabolic
ward studies where food intake is weighed. Al-

though the procedure for estimating cereal in- -

take in the present study may not provide exact
measures of individual consumption, it does
facilitate a rank ordering of participants accord-
ing to level of consumption. This provides a
means of categorizing children as low, medium,
and high consumers. Interviews carried out by
nutritionists verified this correlation between
volume of cereal ordered and amounts consumed
by the individuals.

Although some of the participating children
. consumed large amounts of cereals containing
up to 45% sucrose, the results of the several an-
alyses carried out demonstrate no association
between dental caries and cereal consumption.
During the two years, no signiiicant differences
nor any consistent pattern of différences in in-
cremental caries were observed between chil-

812 » JADA. Vol. 88, Apni 1974

dren eating small amounts and those eating large
amounts of cereal. This lack of differences is
apparent in two measures of incremental car-
ies, as well as in the needs for dental restorative
treatment in permanent and deciduous teeth. No
differences are observed in mean ages according
to level of consumption; therefore, age is not a
confounding factor.

These findings are not inconsistent with ex-
isting knowledge concerning caries etiology and
findings of human dietary studies. Almost all of
the studies on diet and caries have been carried
out with experimental animals. The extrapola-
tion of the findings to humans may or may not
be appropriate because of significant differences
in eating habits. Few long-term prospective
studies have been reported in relation to diet and
dental caries. The most comprehensive of these

- is the Vipeholm dental caries study.® carried out

during five years in a Swedish mental institu-
tion. The authors of this classic study concluded
that, although increased sugar consumption may
increase caries activity, the risk is greater if the
sugar is contained in a vehicle that tends to stick
to the teeth and if the sugar is consumed between
meals. They found that increased sugar con-
sumption in solution at meals resulted in no in-
crease in dental caries activity.

Finn and Jamison® concluded that a sugar-
coated cereal does not produce a significant
change in dental caries incidence when com-
pared to noncoated cereals or fruits. The same
conclusion of lack of demonstrable cariogenicity
of cereals is drawn from the results of the present
study. However, this conclusion must not be
construed to dilute in any way the evidence as-
sociating dental caries with sucrose in general.
Although some ready-to-eat cereals contain up
to 45% sucrose, these cereals are eaten with milk
94% of the time.” The presence of milk may re-
duce the retentive characteristics of the cereals
so that remaining. food particles may be more
rapidly cleared from the mouth. For the most
part, cereals are eaten at mealtime. As shown in
the Vipeholm study. sucrose taken at meaitimes
and in other than a sticky vehicle failed to pro-
duce increased caries activity. :

Many observational studies on diet and den-
tal caries have been reported; these include find-
ings of significant increases in caries experience
in populations exposed to dietary changes in-
volving increased consumption of highly refined
carbohydrates.?!* However. the eating habits
and the specific foodstuffs involved were not
considered. o




The results of the present stedy and those of
other prospective dietary studies suggest that the
cariogenicity of foods depends on factors other

" than sucrose content alone. The consistency of a

food, the time of eating (at meals or between
meals), plus accompanying foods (for example,
milk) may somehow affect the cariogenicity ex-
pacted as a result of sucrose content.

Certain dietary restrictions of highly refined
carbohydrate intake may be extremely impor-
tant in the control of rampant dental caries. How-
ever, it is impractical to eliminate all such foods
from the diet, especially the diets of children.
More extensive research in humans will be re-
quired to identify and to establish the rank order
of the cariogenicity of different foods and eating
habits. Such research is difficult, time-consum-
ing. and expensive. This type of research is fur-
ther complicated by the problems of obtaining
approval from commiitees on studies involving
human subjects. as there is a tendency to pass
judgment on the cariogenicity of all highly re-
fined carbohydrates before evidence from con-
trolled experiments is available.

Conclusions

Under the conditions of the present study, no
association was observed between dental caries
incidence and the consumption of ready-tc-eat
cereals. In spite of the children’s free access to
unusually large quantities of regular and pre-
sweetened cereals, no increase in caries inci-
dence was observed. The observed lack of cario-
genicity of cereals may be due to their ingestion

with milk and at mealtimes. ,

The cariogenicity of a foodstuff may not be
highly correlated with the sucrose content alone.
The time of eating, the consistency of the food,
and the conditions under which a particular food
is eaten may be as significant as ils sucrose con-
tent in the determination of its relative cario-
genicity.

Dr. Glass is ar associate mamnber of the statf of the Forsyth
Dental Center, 140 Fenway, Boston, 02115. Miss Fleisch is as- -
sistant director. Boston University Computing Center, 111 Cum-
mington St. Boston, 02115.
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Sugar and the Production of Bacteria in the Human Mouth

J. Carisson and T. JOHANSSON

Departinent of Oral Microbiology, Univérsity of Umed, Umed

Abstract. The aim of this study was 1o elucidate jf sugar Key Words
is a limiting substrate for the growth of the oral microfiora. Microbial ecology
Six subjects were used. Water, glucose solution or peptone  Biomass production
yeast extract broth were pumped into the mouth during  Sugar
4-hour periods and all orat fluid was collected. The number ) .
of viable bactcria and the contents of RNA and DNA werc estimated in the fluid.
There was no obvious difference in the amount of microbial biomass shed into oral
fluid during the water period and the glucose period, while an increased amount of
biomass could be shown in the fluid during the broth period. Sugar does not appear
to be the primary growth-limiting substrate of the orai microflora. ’

Introduction

The growth rate of bacteria is influenced by the concentration of the
essential nutrients in the environment. Monop [1949] has shown that the
dependence of growth rate (1) on substrate concentration (s) in an ex-

ponentially growing culture has the form of a Michaelis-Menten type func-
tion, i.c. ‘

s
H = s (K."" s)

where K, is the saturation constant and Hmax is the value of y, when

~ 8 is no Jonger growth limiting. During the exponential growth phase the

weight of bacteria formed is also directly related to the weight of substrate
consumed [MonoD, 1949]. At steady-state growth in continuous culture
there are similar relations between growth rate, vield of bacteria and
growth-limiting substrate concentration’ [HERBERT et al., 1956; TEMPEST,
1970].
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When sugar is taken into the mouth, the oral microflora consumes the -

sugar and produces large amounts of acids [STEPHAN, 1940]. From this
observation it has sometimes been implied that the growth rate and yield
of bacteria in the mouth increases during sugar intake. However, this as-
sumption takes for granted that sugaf is the growth-limiting substrate in
the mouth and, in fact, there is very littlc experimental evidence for that.
The sugar may only be degraded in the glycolytic pathways without any

growth of the microorganisms. Actually, Hotz et al. [1972] have recently
demonstrated that the concentration of sugar in pooled samples of dental -

plaque from 3,500 school children was so high, that sugar could not pos-
sibly be the limiting substrate for the growth of microorganisms in dental
plaque.
- The aim of the present study was to elucidate if sugar is a limiting sub-
strate for the growth of the oral microflora, i.e. if sugar intake increases
" the production of bacteria in the mouth.

£

Materials and Methods -

Collzction of oral fluid. In addition to the two authors, four male second-year
dental students were the subjects of this study. The subjects were instructed to thor-
oughly brush their teeth the evening before cach experiment. They were not allowed
‘to eat or drink or brush their teeth before the experiment started at 8 o’clock in the
moming. Each subject got 0.8 g of paraffin (m.p. 52-54 °C), that was chewed for
S min and the saliva produced was swallowed. Then a teflon tube (0.8 mm inner di-

ameter) was introduced into the moth and the orifice of the tube placed in the max-
illary sulcus above the second molar. Through this tube a test solution was pumped
(Perpex pump, LKB-produkter AB, Bromma, Sweden) into the mouth at a rate of
27 ml/h. The subject’s head was leaned forward and a silicone rubber tube (1.3 mm
inner diameter) was held between the lips touching the front tecth. This tube was
connected o a pump with a capacity of 105 ml/h. The subject was told not to swal-
low any fluid and chew the piece of paraffin to such an extent that fluid was contin-
~ uously fed into the exit tube. This tube was led into a graduated test tube in an ice

bath. As soon as 10 ml of fluid had becn collected in the test tube, this was trans-:

- ferred into a cold bath (35 °C) and then placed in a freczer (~20 °C). The second
10-ml sample collected and then a 10-ml sample was treated every half hour in a
mixer (Whirlimixer, Fisons Scientific apparatus Ltd., Loughborough, UK) for 30 sec
and 1 ml was used for determination of the number of viable bacteria in the sample,
The rest of the sample was then immediately frozen as described above.

. In three experiments, the following test solutions were used (1) water, (2) 1%
(w/v) glucose solution, (3) peptone-yeast extract broth, containing per liter: 40 g
trypticase (BBL, Cockeysville, Md)), 10 g yeast extract (Difca Laboratona, Detroit,
‘Mich. ), 5 g K,HPO, and 10-g glucose. -
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" la two subjects (2 and 6) also a 5-percent {w/v) sucrose solution was used in one
experiment. All experiments were run for 4 h. )

Extraction of nucleic acids from sediment of oral fluid, Every second sample of
oral fluid was thawed in an ice bath and the samples from each hour of the ex-
pesiments were pooled. To 40 m! of pooled sample from each hour 1M perchloric
acid was added to a final concentration of 0.2M. The' sample was centrifuged
{20 min, 27,000 g, 4 °C) and the sediment was washed in 10 mi of cold (0°C) 0.2 m
perchloric acid. The nucleic acids in the sediment were extracted three times in 2 ml
of 0.5m perchloric acid at 70 °C according to the procedure recommended by Her.
BERT et al. [1971]. The extract was stored at -20 °C, :

Determination of DNA. DNA in the perchloric acid extract of oral fluid was de-
termined using the diphienylamine reagent as described by HERBERT et al, [1971])
with 2-deoxy-D-ribose as standard.

"Determination of RNA. The use of the orcinol reagent according to HERBERT et
el. [1971) for determination of RNA in the perchloric acid extract of oral fluid
showed that other sugars than ribose significantly intefered with this reagent. There-
fore, the perchloric acid extracts of oral fluid were purified from most of the con-
taminating sugars before RNA was determined. To 1 ml of the extract, 65 mg of
charcoal (No. 33033, BDH Chemicals Ltd.,, Dorset, England) in 1 ml of 0.5m perch-
loric acid was added. The suspension was applied on glass wool in a Pasteur pipette
and washed with 3 ml of water. The nucleic acids were eluted from the charcoal
with 125 ml of a 50-percent (v/v) ethanol solution containing 0.1 ~ NH,0OH
(Emerson and HumpHrevs, 1971]. For determination of RNA in the eluted ma-
terial the orcinol and ferric chloride reagents of HATCHER and GoLpsTEN [1969]
were used. The reaction mixture was heated in boiling water for 20 min. p-Ribose

" was used as standard.

Determination of number of viable bacteria in oral fluid. 1 ml of the oral fluid
was diluted in tenfold steps in 0.05M potassium phosphate buffer (pH 7.0) contain-
ing 0.4%, (w/v) sodium chloride. From each dilution, 10-% and 1078, 0.1-ml samples
were taken and cultured on the surface of three blood agar plates. The plates were
incubated in a jar 4t 37 °C for 48 h under an atmosphere of 95% H, and 5%, CO,.
The number of viable bacteria in 1 m! of oral fluid was calculated from the mean
number of colonies growing on the plates. a

- . . Results

In most experiments saliva was produced to such an extent that almost -

a constant flow of oral fluid could be recovered from the subjects (table
I). Only during the water period in subject 1 was the recovered amount of
oral fluid signiticantly reduced (table I). ,

The experimental situation in each subject has to be considered as

_uoique and. the results are presented for each subject separately (fig. 1).

Comparing the water period and glucose period no apparent difference
could be established in the oral fluid when the number of viable bacteria
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Tabk. L. Amount of oral fluid recovered during the three experimental periods, in mi/h

" Period - Subjectl © Subject2 Subject 3
 Ih 2h 30 4h In 2h 3k 4h  ih 2h 3h 4h ,
Y Water @ 57 5 64 95 98 9T 9% 85 87 8 &
Glucosse = 79 88 9 93 % 93 95 95 95 92. 8 T
Broth 93 103 93 97 98 9 98 95 90 97 9% 83 .
Subject 4 Subject § Subject 6
ih 3h 35 4h 1h 2h 3h 4h  ih 2B 3h a4n
Water 77 83 8 8 8 9 97 9 95 97 101 97
Glucose 95 o4 91 8 95 95 92 9% 98 102 104 101
Broth 52 s2 8 8 .95 90 93 100 93 10 9 98
\

as well as the contents of RNA and DNA in the fluid were estimated.
During the broth period the number of viable bacteria increased in most
subjects. Only in three subjects could an increase in DNA contents of oral
fluid be shown during the broth period. In most experiments.the change
in RNA contents quite closely followed the change in the pumber of via-
ble bacteria in the fluid.

In two subjects (2 and 6) also a 5-percent sucrose solutxon was used.
The composition of oral fluid during the sucrose period was not signifi-
cantly different from the composition of the fluid during the water period

and glucose period.

Discussion

R ’ The yield of microbial biomass in a growing culture is dlrcctly related
i to the amount of growth-limiting substrate consumed [MonoD, 1949].
When a substrate is growth-limiting for the oral microflora, the addition - .

of this substrate to the mouth should result in an increased production of

microbial biomass. The produced biomass should be proportional to the

- ' ~ amount of substrate added. However, no method exists for the measure- -
- ment of the biomass of the mixed microbial flora inhabiting the mouth.
This means that the production of microbial biomass cannot be directly o ' Fi
_ assessed when 3 growth«hmxtmg substrate has been added to the mouth. , O ! (open‘:
In the present study the productxon of microbial biomass in the mouth S . the bro!
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280 CARLSSON/JOMANSSON S ‘
during various nutritional conditions was cstimated from the changes in 5
~ the amount of microbial biomass shed into oral fluid during these condi-
tions. . ?
The dry weight of microorganisms most closcly reffccts the microbial R
biomass. Howcver, the oral fluid contains nonmicrobial material such as :
glycoproteins and. cell debris and this matcrial is almost impossible to . { : substr
effectively scparate from the microorganisms before a determination of - P o TE
the microbial dry weight is made. The bacteriological method to culture i 4 the en:
the microorganisms in oral fluid on artificial media only discloses the i~ fluid ¢
. number of organisms in the fluid. The cell mass of the organisms on these. ' exten:
media may be quitc ditferent from their mass in the actual habitat sisan
[SCHAECHTER et al., 1958]. Furthermore, significant number of organisms - - of th
in the oral fluid may not grow on the artificial media used. Chemical P mout:
methods for evaluating the microbial biomass have the drawback, that HE the d -
. there is no substance present in all organisms in an amount proportional ! : plex:
to the amount of cell mass. The relative amount of protein as well as - RO s
RNA and DNA in an organism changes with the growth rate of the org- g N grow
anism [SCHAECHTER et al., 1958]. The determination of thesc substances ! with- -
in the microorganisms of oral fluid is further complicated by the presence § thesi:
of nonmicrobial substances in the fluid. . ! think
. The bacteriological and chemical methods used in the present study do : 1a are
not give a direct measure of the microbial biomass in the oral fluid. How- L
ever, the combined figures on changes in RNA, DNA and number of via- g
ble bacteria during various nutritional conditions may warrant some con- ;

clusions. The concomitant.increase of RNA, DNA and number of viable

J bacteria during the broth period must reflect an increase in the microbial
~ biomass. In one subject, only an increase of RNA in the oral fluid could
. be demonstrated during the broth period. This could reflect an increase in ' f
biomass, but may as well be a charging of microorganisms with RNA be-

fore they increased their growth rates [KJELDGAARD et al., 1958].

There was no obvious difference in the amount of microbial biomass
shed into oral fluid during the water periods and glucose periods. This is B 0-

' Emep

[+

£
o

&

1ol m———

~ ~ in keeping with the finding that there is a high concentration of fermenta-

* ble sugars in dental plaque [Hotz et al., 1972] and suggests that sugar is ‘ { ;
not the primary growth-limiting substrate in the mouth. The use of suc- . i ‘ Gue::
rose as test solution in two subjects confirmed this. The increased amount - _ m,:‘é
of dental plague observed during sucrose intake [CARLSSON and EGEL- _ an
BERG, 1965] may be ascribed to the retention of bacteria to the tooth sur- . HEReE
faces by extracellular polysaccharides produced from sucrose [Gucoen- ' is;

.
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HEIM, 1970]. However, therc may exist ecological niches in the mouth
where sugar is growth limiting. Such niches probably comprise a very
small portion of oral microflora in the present subjects, byt they may be

- more predominant in other individuals- However, there arc reasons to be-

lieve that the food web or oral microflora is so complex that no single

‘substrate is limiting for any significant portion of the oral microflora,

The concentration of bacteria in the oral fluid was surprisingly high at .

the end of the 4-hour water period. This indicates that nutrients in oral
fluid are important for the maintenance of the oral microflora. To what
extent nutrients in the diet may contribute to the maintenance of the flora
is an open question. There are Teasons to believe, however, that the effect

of these nutrients may be quite marginal. The diet is usually kept in the

mouth only for short periods [LANKE, 1957] and the nutrients available in
the diet may not be the growth-limiting substrates which fit into the com-
Plex food web of the microflora. . _
Sugar in diet may influence the oral microflora in other ways than as
growth-limiting substrate, Sugar may be consumed and acids produced

without any microbial growth. Extracellular polysaccharides may be syn-’

thesized from sucrose and bacteria retained in the matrices formed. We
think it is important that the various effects of sugar on the oral microflo-

*.ra are kept in mind when dietary measures are considered in dental caries

prophylaxis. X
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v~ = Statistical Compilation to the Question of the Association
. Between Sugar Consumotion and Dental Caries R

Statistics show that the amount of sugar consump-—
tion is positively correlated with the incidence

of dental caries. It is also known, however, that -
the many forms of sugar and the ways it is con-
sumed have an extensive influence on caries gen-—
eration, and that sucrose is not the only sub-
stance of importance in the etiology of dental
caries. The following paper takes a new look at
this problem in light of recent research results.
The editors welcome the renewal in discussion on
the topic as brought about by this paper and, there~
by, the possible stimulation Oof research to further
clarify questions pertinent to this issue.

: - The Editors

When considering the destruction of solid tooth tissue,
enamel and dentin, sugar is said to be the most harmful of the
carbohydrates. This is because the sugar that is broken down
into different acids first loosens the homogeneous structure

of the enamel crystal and eventually completely dissolves the
hydroxyapatite. These may be the results of a few, goal-
oriented experiments, but these experiments rarely represent
the conditions actually existing in the mouth. Specific, in-
vitro experiments will not be considered here; rather, I want
to differ with the popular, statistically-based notions used to
substantiate sugar’s harmful effects on the teeth.

In addition to the afore mentioned experiments is the con-
stantly reoccurring opinion (even today abundantly found in the
literature) that the statistically signifigant decline of car-
ies during the war was caused by food deficiency; in particular,
to the great reduction in sugar consumption during that time.

The observation of a reduction in caries in Germany (1,2)
during the second world war is joined_by identical observations
in etse the USA (3), England (4), Sweden (5), Norway (6), Den-
rark (7) and Switzerland (8). S _

Most of the authors of thesestudies also associate re-
duced sugar consumption with the decrease of caries incidence.
This theory is likewise advocated in the USA (L. J. Baume, 9).

On the other hand, there exists a group of serious re-
szarchers who, in light of their findings, are very skeptical
or completely against this war-sugar-caries theory. Harndt
(10, 11, 12) proved through his experiments on dogs, that caries
f2il to appear even when sugar is added to normal food in ab-
normal [excessive]l amounts. . '

~~ Similarly, Kantorowicz (13) and Spreter von Kreudenstein
‘ ” {12) categorically reject this theory. -

ikt sviepn™”
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The main question to be clarified about this association i a

Was there really an ubiquitous decrease in sugar con-
sumption during the war, especially there, were caries
develope; that is, with each individual?

: Here in Berlin, we are fortunate to have almost all the of-

ficial documents of the former food officials relative to the
past detailed rationing system. This offers to our study of the
region of the former Reich's capital:

1) a representative populatlon profile (the 1942 popula-'
tion being 4.5 million)

2) a relatively well defined arez

3) a population that with few exceptions had to rely on
only this food rationing system.

4) a city with a relatively well defined populatlon fluc-'
tuatlon.

Food ratlonlng was divided up for the follow1ng eight
groups: _

1) Children to 3 years of age o | - - _-'
2) Children from 3-6 - | ' o
3) Children from 6-10 | .
4) Children from 10-14

5) Youths from 14-18 .

6) Normal consumers .

7) Manual-laboters - heavy work |

8) Manual laborers - very heavy;ﬁork -

The largest group wasthat of the normal consumer. It was
followed by groups 1-5 (the combined children and youths to age
18) and then the manual laborers - heavy work [group»?].

Figures from the pre-war years used for comparison are based
on ezactly registered import figures for the region of. Berlln (see
following table).
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Sugar rationing among the differ-
ent population groups in Berlin
from 1939-1944. In comparigon ara
the average figures for per-capita
congumption of sugar from 1933~
1939 (darkened areas).
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The results show that the average amount of sugar allotted '
ranges from 23.06 kg/person (1944) to 25.65 kg/person (1941) a year.

Sugar imports into the city were from 21.29 kg (1933) to
22.86 kg (1939) per person a year. These figures also include
industrially utilized sugar (bakeries. and the sugar industry),
so that the comparable per-capita consumption during pre-war
times is much less than the consumption by sugar rationing be-
tween 1940 and 1944 (only entire war years are computed). The
following should also be considered when considering nutri-.
tion during the war: Severely rationed fats, meat, and meat
products were substituted with relatively large amounts of mar-
malade, beet syrup and artificial honey. These are sweets that,
especially when taken together with sticky bread, have been
viewed by various scholars as plainly constituting a caries—-gen~
erating diet. : ~ :

Marmalade rationing during the war was on the average 7.63
kg/person; during peace time, marmalade consumption is given at
3.6 kg/person a year. Therefore, during the war, consumption
more than doubled. .- '

The figures are even more divergent when édhsidering arti-
ficial honey: 7.01 kg/person during the war, while being much less

than 1 kg/person a year for the pre-war period, an almost meaning-
less amount.

According to these figures, one cannot conclude that a de-
crease in the consumption of sugar occurred in Berlin during the
war. When, in addition, one computes the consumption of "sub-
stituted foods" - marmalade, beet syrup and artificial honey ~ the
results even reveal a consumption increase of approx. 1l kg/person
as compared with that of pre-war times. .

In what ways does nutrition, in this case sugar, influence
tooth decay, if at all?




- 1) by endogenous pathways; as a constitutional factor dur-
ing development, especially during periods of minerali-
zation. This applies to the mineralization of deciduous
(baby) teeth, which begins with prenatal development and
ends during the second year of life. Mineralization of/™
permanent teeth begins at the time of birth and ends a#
about 12 years of age. » &

2) by exogenoﬁs pathways; as a local factor; namely, that
foodstuffs, here sugar, or their metabolized products can
directly affect teeth exposed in the mouth. :

Regarding endogenous influences, it can be stated that accord-
ing to our data, children and youths up to age 14 had almost nor-
~mal nutrition and no shortage of sugar during the war years. The

endogenous phase of the deciduous teeth coincides completely with
wartime nutrition for those born in 1940 and is followed by a per- -
iod of three years of the exogenous (local) phase. Those born in
that year could only have had endogenous factors as influences on
the tooth structure of their permanent teeth, as the l. permanent
molar first emerged in 1946. ' ' ' - '

Although according to our calculations sugar consumption
was not less during war years than during peace time, 1951 sta-
tistics clearly show a distinct reduction in caries incidence
beginning in 1941 and reaching its lowest point in 1948,

In conclusion the fbllowing can be said: -
1) Many authors even today still direétly associate the

reduction of caries incidence during the war with an
alleged decrease in sugar consumption.

2) The frequently expressed opinion that during the second
world war a severe reduction in sugar use occurred, is
not true, at least for the region of Berlin, the former
Reich's capital. It can be assumed however, that the
situation was similar in the other areas of Germany.

3) If one also includes the use of marmalade and artificial
honey, the result shows a much greater consumption of
"sweets" during the war than during the pre-war period
1933-1939. S - . ‘ :

4) The cause of caries reduction must therefore be sought

” in other realms; not, however, with the endogenous or

exogenous effects of sugar. .

by

Siegfried Wandelt
" Institute for Caries Researc

(Berlin) _

Translated by:
Doris E. Gerathewohl
ISRF Lizparian
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jable 21.:4
Decay exf-rience and thumbsucking
Age until child: Proportion of five year olds will
sucked thusib
Ho deciduous Five or more
decay deciduous
experience teeth involved
Did not suck thumb 25¢% 688 42% 638
Under three yecars 21 23 T 56% 23
Three years or more 5 208 25% 205

The survey results relating to upbringing thus suggsst that there are some habits

which are associated with the disease experience of the child. - lost of the factors
shown to be related to disease were maiters that were largety within the discretion

of +he mother, and although there was little suggestion that.a -ingle factor could
eracdlcate the problem of decay it would seem that +he mother couid, If she realised

and if she wished, choose to reduce the decay éxperience of her child.

21.4 Disease variation and current eating habits

In addition to the Information that we obtained about early upbringlng we asked a
large rangs of questions related to the current eating habits of the child. 1t Is
unlikely that any lndlvldualtvariable Is very important in relating eating habits
4o dental health, but by analysing these questions we hoped to find indicators of
ranges of habits which tend either to help or hinder the cause of preven?ivé

dentistry.

One of the biggest problams In Investigating the rela?ionshlp befueen eaflng habl?s

and cental health from survey data Is that the total dent2] dlsease experience of
the five ysar old has been affaecied by eating patterns since birth. f the child
has ziready had dental probiems, the mother may have been given advice vhich . '

. resulfed fn & change of eating hablits. Such circumstances would then abrogate the

xpa'fed relationship between eaflng habits and decay. . In addiflon. of course, 1t
is very dlfflcu!f to obtaln accurate Information about eatlng habits since soms’

" mothers may glive what they considar to be acceptable answers and mothers'. views

of what Is large or small will vary; furthermore, *the dlversify of time, place |
anc quantity of food consumed makes tha collection of-simplé mezningful indicztors
very difficult. We feel in rejrcspect that for most of. the meal questlons, the
information would have bean better had we obtained a history.of meals over a period
of time and this was considered at the planning_sfage, but it would have distorted

+he balance of the Interview to such an extent that the Idea was discarded. |f the

main purpose of this inquiry had bzen fo investigate varlatlons in di,ease alone
+hes aflrg habits would have Jjustified much greater depfh of sfudy.

in ~erms of ea*ing hablis ona of *hq factors of in*erest which emarged for the

tofive /ear ol.;, was whether or not tha mothars sai? the child usuvally had somathing

ant at broak. About half of =% children did. Arong those who did not 321 had

“ns <=2y experience and 34% had “ive or more teath lavolved. . Anong those who did |

az:a sometniag to eat at break 237 mad no decay experlanca end i?‘ had five or guﬁe

vezmh involved with decay. Parrczcs this is an lwblc:fian fhaf +those who had

- -



something ‘to eat at break were more used to having snacks Latween meals than the -
other children (see Table 21.15). :

Table 21.15 ‘ .

Decay experience and eating at break
Whether chiid Proportion of five year olds with
has anything . - - - .
to eat at break No deciduous -‘Five or more
decay - deciduous
experience teeth involved
Eats at bLreoak 233 443 424 443

Do . not 328 47: 3438 470

"We asked the mothers whather the child was used fo eating a lot of cakes and

biscults, a falr number, or nol many cakes and blscults. Table 21.16 shows the

- relationship between this-and the child's disease experience. Among the smal!

group of children who were sald 1o eat a lot of cakes and biscults 2% of the
chi ldren had no decay experience and 58% had flve or more teeth Involved. This

compares with 30% decay free and 34% with five or more teeth Tavolved among chlldren

who were sald not to eat many cakes and bisculfs. We also asked +he mothers whathar
the child was allowed fo help himself to biscults or whether he had to ask first.

Of the five year olds who vere ailowed to help themselves to biscuits 6nly 18% had
no decay éxperlénoe and 508 had five or more decliduous testh lnvolvad with decay.
i’hus the greater: the quantity of and the more fres the access to cékes and biscuits,
'l'h.eb worse was the child's deciduous disease situation. ' .

Table 21.16 ]
Decay experieace and E:onsumption of -cakes and b_ist:uits

Consumption of ~ = Proportion of five year olds with

cakes and biscuits -

: . No deciduous Five or more
decay . deciduous
experience * . teeth involved

- Eats a Tot, 215 45 . sei 48
Eats a fair number 24% 317 43% 317
Does not eat mdny = 308 557 - 348 557
- Helps himself to biscuits (8% 170° =~ 50% 170

Does not . 3035 751 . 36% 751

Cakas and ;
Yo Bsket;
ing now ;n'a.—.-," he ate. The childran sz2id to be very fond of swesets ware less Hdikely

qbfgit"s' some similar questions about the child's fondness tor sweats-

> ve decay ftrea and more tiksly to hsve five or more teeth involved with dacay
then were the children who were szid not to be as fond of sweets as most children
{see Table 2!.17), " In terms of the amount consumad, the very small group of. »

chlidren who were.sald hof:m opt swasts at all were at a very noticeabla

. mgvantage; 48% of them were dscay fres and only 14% had five or more teeth Involved .
Y : J

iscults are not, of coursa, the cnly source of sweel things to eat, and.

215



with cezoy. The children who vere sald 1o eat only a small gquantity <P swents
ware a3lso at an adventsge. The children who were said 1o eat a largz ysantity of
sweets were ot a considerable dicadvantaga, 422 having five or mors ducicuous teath

invetved with dacsy.

Table 21.17
Decay experience and consumption of swzets
Consumption = - " Proporiicn of five year olds wix®
of sweets L . -
No deci.i:ous .  Five or more
decay declduous
expericice teeth involved
Very fond of sweets 22% 362 S 42% 302
About average 30% 525 ’ 38% 525
Less fond than average g 92 g 92
gats a large quantity 26% 62 427 82
Eats a medium quantity =~ 225 209 - 38% . 209
Eats-a small quantity 271% 513 408 513
‘Eats a very small quantity 38% 102 33% 102
Does not eat sweets agf 21 148 21.

ve have used these few Illustrations of particuiar facets of anlng to indlcate
that fﬁere’are relationships between eating habl+s and dental health and that they
can be shown from survey data. As i Hustrations we wo,ld not wish them to be
interpreted foo narrowly. Ve fee! that the relafionship between eating hebits and
dental health is based on much wider factors than sweeis, biscuits and cakes and
that *the survey results are merely indlcative that there areé certain dletary

‘ . factors, whlch.are within the control of the mother, that do affacf-genfal haalfh."

In Chapter 10 we showed that mofhars were aware that eafing sveef fhinqs was

_sssociated with decay. They aiso showed that thelr reaction to sfopplng decay

wes not to restrict the Inteke of the sweet foods but to clean the testh. We feel

‘it would be appropriate to end this section by examining whether or not the
children who were said to brush their teeth most frequently were at.an advanfage

w|th respect to total deciduous decay. experience.

Table 21.18 . )
.Decay experience and frequency of toothbrushing

216

_ Frequency of * Proportion of five year olds with
toothbrushing
o No deciduous - Five or more
decay . deciduous
experience " - teeth involved
Threé times a day =~ 287 44 To36% 44
‘Twice a day . 28% 468 374 468 .
Once:a day . » 274 297 028 .87 i
Less than once 2 day - 29% . 98 354 98

Tablz 21.128 shass that there was no systematic variation in discase excerienie | -

-with voriation in tedthbrushing frequency.




.‘v'chapter 1

iChazser 2

.22 Summary of findings and conclusions

Introdusiion . .

The survey findings are based on the results of deatal examinations conducted on

‘a rendom szmple of 13,000 ch“dre;'l 8ged 5-15 In maintained schools In England and

Wales, and on an Interview carried ouit with 3,000 of 'rhe mothers of chlldren aged
five, eight, twelve and fourfean._ Seventy dentists were secondad from their duties
In the ac‘vool Dental Service to carry out the dental examlnaﬂons and they all
2ttend: » one week fralntng course to practice using the deflniﬂons laid down for
the sur.ey exuaination so as to achieve as uniform a sfandard of examination as

" possibla.

The respsnse achleved for fhe sufvey was very hlgh, 955 of the chlldren who ware
selazted for examlnuﬂon were examined, and for 91% of those selected for both'
parti of the lnquury we obtalned bofh the dentai examlnaﬂon and fhe in‘rervneu wlth

‘tThe 'o.her..

22.1 Sumry _of findings .

Dertal dwclapmnt ) .

The survey Included chlldrm rangtng from the age of ﬂve to fiffaen, +thus covering

the whole period of franslﬂon from decldtmus testh to permanenf teeth.  The rate

‘2t which fhls ‘changs takes place varnes very much from child to child. The first
decidum.s tooth to exfollate nafural Iy 1s usually one of the lower central inclsors,v'
a8 few of fhcse teeth were already missing’ among children who were only just. five v
yearsiold, on fhe other hand, a few lowsr central inclsors ware stili presenf among
chlldren who had recen'rly passed fheir sevenﬂ\ btr?hday.

. The erup*ion of permansnf teeth oc&uk's at different ages for different childrea.

In general it appeared that for boys the erupﬂon of permanon‘l‘ teeth fanded )
o:cu' a2 lit+ia. jater than for gtrls. : : ' L :

© Lansal deczy :md treatmsnt -

3y far the grea'resf amount of cor'fecf befween children ‘and the denral professmr- )
2rises beraise of tooth decay. At the tima of the survey about two-thirds of I
h-l:'s-v #3782 fould to have somz active decay, the proporhm bemg lowest &t 573
Bmcng Tha -ufTeen year olds and hughasf at 73‘s among the eight yoar olds. Arong

. the fiv '3 T3 elth year olds mara than 20 of ‘children had five or more acﬂvuly

L] th, zmon_] children 2ged nine to tittesn more than IO,, had flve O RO

cazavad toel
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The +reatment availablas for d(:ayed testh Is elther restoration by fiiling or
exirzction. The proportion of children who had some filled teeth incressed over :
the age groups from 267 of fiva year olds to 88% of flfleen yoer olds. The
prosortion of children with no filled teeth at the ege of fourteen and fitteen was
192 and 12% respectively. The figure for the fourteen yoar olds Is probably the

best estimate of the proportion of children wha are obtaining no restorative
tre2tmant since tha fi#tesn year alds who are still at school do not represent fhe,.

to+sl age group becsuse the early school feavers are excluded.

The survey only measured the extraction axperience for permanent teath since If.Is
Imeossible to tell for children in the process.of changing from c.: dentition to
the other whether the missing deciduous teeth uere exfollated or exfracted. Amorg
tha oldest children, the fourteen and fiftesn year olds, about ; +third had already
has some permansnt teeth extracted, and 2t an age 2s early as seven, elghf'and nine
yea-s old some permznent teeth were being lost. '

Taesh In different positions in the mouth conTribufe very differently to the decay

exgerience of the child and this Is so for bo?h deciduous and permanenf teeth. In

both dentitions it Is the molars uhlch are most disease prona

Total dccay experience
1f one takes as aa Indication of total decay experlence the sum of current dlsaase
ani the evidence of past trestment then one can sese that very few: children avoid

_ decey ehtirely. S3ven out of ten five olds already have -some evidence of decay
" experience, at the 2ge of eight nine out of ten children have evidence of decay

experience and among the teenagers fewe: than. five children ina hundred have no
evizence of decay experience.

&s »all as knouing how many children have had somg decay if ls of inferesf to know

“the exfen. f thair d»seasa oxperience. For the permanenf denfffion fhrs can be

achiaved by sumning the number of teeth with currant decay or evidence of past

“trez*ment but for the daciduous denf|1101 the exam!naflon provided no estimate of

1he number of deciduous feefh that had been extracted for decay reasons. for the.
fnve year olds, among whom little natural exfolletion would have so far +aken place
we sstimated the likelihood of +he missing daciduous testh being diseased. This
provided an estimate of the proportion of five year olds who had ten or more testh
inssived with decay, a level offen used to’ fndicata rampanr decay in the deciduous’
de~sition. By this method we estimate that 11§ of five year olds had ten or more
da:iduous‘*aefh, ihat is 2 half ¢ more of the deélduouﬁ dsutifion, Involved with

decay. -

L

e cnsas chl!draﬂ nead denral aftew.non bec;uwa of damage causad ‘u tha feoth

Sy some kind of ascidant. It is rost likely thzt the front teath are the ones o

sufiar in this way an3d the dontal examiners found that abouf one in ién girls and

'.an«al darug ' . T » i

. i

sme in five buys amwon3 ha twelve to fourteen year olds hod evidence of such damage.

s relativaly high involvement with aczidentsl damage is influonged by tha fact
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2T The zriteria for the dental examinailon Inclyded froctures of the enamzi which
are fzirly minor kinds of damage and would probabily not require frea?nanf and would
zarhed hdrdty noticeadle.

Seviuras .
Amorz 211 the children examined for the survey, that Is sbout 13,000, only 46
c»ildren were found to have dantures; of these 23 had apparently suffered accldental

- cerzge to the teeth, 5 had developmenfal or congenital problems and 18 nesded the

canture bacause of extractions due to decay. Only one child .=d a futl upper

canture the others all had a partial denture involving one jaw.

Sre condition of the gums ) .

Another of the problems that affect dental health is the condi?}on of the gums.
The exzminers recorded whether the chiid had any gum Inflammation, debris or
czleulus, It Is posﬁlblo that the survey dental criteria for recordlhg gum
condltions were wore stringent than those which ~ra currently applied in practice.
From tne age of Seven onwards sbout thresquarters of children were Involved with -
gun frouble of one or other kind. " Gum inflammetion and debris were found to be
sizrificantly assoclated. . T ' X

Owtnodontics
tiot =\[ chlildren have the good fortuns to have tro:::i: free de. ..l development and

The rost common condition that arises is that of tecih crowded iogether. ‘As many
2s £3% of eight year olds were recorced as having some crowding, and over the age:
renge seven to fifteen the proportion was atways greafar than a half." Takiny all

‘o orthodontic assessments lnfo account the denfal examiners vwere asked to say

vwnc#her, in their opinion, the child neaded (or would need) orfhodonfic treatmant.

The future orfhodonfic nead of five &nd six year olds was, of course, rafher
¢iffisult fo assess but by the age of seven about a half of the children ware
astimat sd to be in need of freatment. The proportion was highest among elght year
olzs. .ﬁsre 57% ware sald.t6 be in need of treatment. The need for orthodontic .

e +reatrant may be apparent some considerable while before tresatment is acfually

”"'IE’ out and 'so the proportion In nesd of such treatment decreased among the
cl-er ~1ildren ti1} it reached 28% and 27% of fourteen and fifteen year olds. By
=32t 2ge any treatment that was going to be carried out would most likely have

n sTarted "and so about a quarter of the children .are likely ‘to remain with an )
cr~nc‘a~‘i~ treatment need that is unrzt, A quarter of fourteen year olds had
prasiousty had’ some orthodontic traatrent compared to the fact that 287 were said
ce rnnfl" in need of treatmeat, thus about half of the estinated-total .

'~_ oringdsatic naed is belng met.  Chapter 17 shows that mothers did not always

ﬂ-;a +ha nesd fo. orthodontic traziment which the dentists had found.
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Ovarall denial cord’tion

1t was ot interest io assess‘ vhat. the tolal current necd for dental attention was
at the time of the :.urvéy and for this estimate we includad the three wast common
sources of dental neced, that .is active. decay, soms gum trouble, or some orthodontic
treatment need. By combining thase three grounds for dental need ws found that ‘
eight out of ten five yoar olds and nine out of ten children in the age range six
to fifteen would benefit from dentzl treatment or. aral hygiene Instruction. h

lother's dental experience, knowledze and attitudes
Nearly ali children have their first permanent front testh before the age of elght,
many have them at the age of five or six. Slmilarly nearly ati children have their

first permanent back teeth by the age of eight and again many have them at the age

of five or six. We asked the chiidrex’: mothers when they thought these teeth

" erupted and over thi-a-quarters sald the first front teath erupt before the age of .

eight but under a quarter estimated that the first permanent back teeth come fhrough
as early as that. There would thus appear to be a considarable lack of knowledge

.mng mothers about thelr children's dental development. Nothers who were

themseives good dental attenders were no more 1lkely 'rhan other mothers to be aware

. of the pattern of permanenf tooth ‘eruption, neither were mothers in the top social

class group more likely than others to know these focts. We felt that In many C&8s8s
the mothers elther did not know that any back teeth erup'rad at the age of six, or
alstook them for the last of the deciduous teeth. In fact among twelve year olds
who had already had some of thelr back permanent teath extracted 45§ of the’ mothers
stated that all fhé child's extractions so far had been deciduous teeth. '

o
in terms of knowledge ab.it decay motins s were in ric) doubt 'rha'r H‘ could occur in
very young chitdren. i { of the mothers thought that such trouble could start
before the age of three and three-quarters thought decay could sier‘f before the
age of four. Nelther were the mothers in much doubt as to what caused decay, eight
out of ten blamed eating sweets and sweet things. When asked what might be done fo

" help prevent decay the majorlty suggested better too'l’h claaning, the m!norl'ry
’ suggesfed res‘trlcﬂng the tnfake of sweet thlngs.

Mother's views on the dental care of her child )
We asked the mothers whether they had any preference tor differenf kinds of
treatment for their children. Over a half said that if a bad back deciduous tooth -
was involved they would prefer it to be extracted. Or{ly abodf one In fen said they
would prefer extraction if the tooth concerned was a bad permanent tooth. In view

of their different attitudes for: the ditferent denﬁﬂons it is parhc,ularly fronie '

that mothers are not aware which teeth are which.

The preforence for ditferent kinds of -rreétmenf reflected the mother's own
. asttendance paﬂern to a conslderable extent, for example 2 half of the mothers who

were themselves regulor attenders preferred fillings for decoduous feaﬂ\ uhareas-

only a quarter of mothars who were irregular attenders preferred that.  Once k
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permanent teeth were Involvud, el out of ten of even those mothers who themselvas
h3d the worst dantal attendance p ttern said they would profer thair child's bad

back permanant teeth to be filled.

12

%2 asked tha mothars whether thay thought that their chlldren'currenfly needed any
dental frezirent, six out of ten mothers said the child did not nead any treaiment.
Onaly about four out of ten children had in fact been classitied by the dental
exzmination as currently frese from_de:qy.

The cnild's dental background

Jver the age of five very few chlildren Bave not seen a dentist whethér for the
relief of pain or for conservation. In fact the proportion who were said to havef
never been to the dentist was 29% among the five year olds, 9% among the eight
year olds, znd 3% among +hé twelve and fourteen year olds.  Beyond the age of five
i+ may be that the more accurate description is that the child had seldom bean to .

- the dentis™ since some of the children who were sald never .to have been 3o the

dantist had in fact had some #illings and extractions.

.WO asked the ﬁofhcrs whether the children had ever;'ih the past, had anf extractions '

elther of deciduous or permanent teeth. A quarter of five year olds, two-thirds of

' eight yeer olds and three-quarters of tweive and fourteen year olds had at some time

tad et least one extraction. Having teeth extracted thus soon ‘ceases 1o be 8

_ mlnarify experience. Even the children of mothers who were themselves regularA

2ttenders had not noticeably escaped the experience.

The two main services through which children can obtain dental treatment are the
Ganeral Dental Service and the School Dental Service, although, in facf, +he
rajority of traatment Is carried out through the Genera! Dental Service. Mothers ..
(or chlidren) can declide to change the service they use whenever they so wish.
Tares-quarters of children had at soms éfage used tha General Denta! Service and
éne'prépor?ion who had at some fime'used the School Dental Service reached 487

2mong the fourteen year olds. Among fourtesn year olds a half of the children

" had zlways used the Ceneral Dental Service and just under o quarter had always

used the School Cantal Service and just over a quarter had used both.

Cnitdran of rothers who were fhemselvqs regular attenders were much ere likely to
teve always used fhe-General Dantal Service, as were chitdren in ‘the top social
class group 5né'chlldren In London and fﬁe South East. Conversely children who
had always us2d ths Schoo! Dental Service were more likely to comes from laess

‘cantally aware hackgrounds. When asked the reason for using the type of dental

service the child attendad the major reason for going to the General Dental Service
w25 that the rother took the child to her own dentist. The reasons For going 4o

e School Dentzl Service ware that the mother was notified of the need to see u
B

" zentisT { the zchool, that the school dantist was wore conyén?enf.cr that tha

school dentist was thought to ba good with children,
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2siting the dentist .

Among those children who had been to the dentist nearly two-thire: said that the
reason for the most recent visit was tor & check-up. Bstween o fifth and a guarter
of tha differcnt age groups said thelr last visit had been becausc of dentat '
trouble and about one in ten ware prompted to go because of a note from school.

Ks might be expected the note from school was of more importance as @ stimulus for
dental attendance among children who are in the habit of using the School .Dsm‘élv
Service. These figures reflect the fact that the majority of tresiment is obtained
through the General Dental Service, and also some of the differences inthe
orgenisation of the two services. o

The treatment that was sald to have been racéived as a result of the most recent
dental visit was highly associated with the reason for the vislt. For chtldren
whose last visit was said to have baen for a check-up fewer than .ten per cent had

" trestment which involved extractions whereas among those whose last visit was

prompted by dental _'rrouble' over a half had some extractions.

When asked about prevention of decay many mothers put considerable faith in tooth-
brushing. We asked the mothers how frequently the children brushed their teeth '
and about a half said twice a day and about 2 ﬁﬂ.rd said oncé a day. The sur'vey'
results showed no marked variation betwsen the frequency of’ foofhbrushing and
decay, bui there were significant differences in relation to gum inflaamation and
debris. '

Toothache . : . .
We asked the mothers whether the children had ever had fo&l'hacbe and for a half of
them the answer was in the negative. Over a third of. the chl idren whose mothers
were régular aﬁenders' had had toothache which suggesTs that toothacha does not
slways arise in circumstances of dental neglect on the part of the parent. tn -
two-thirds of sll cases the outcome for the tooth when. a child had toothache was

extraction.

Mother's asarersss of accidental dwmge .
We asked mothers whether the children had ever suffered any accldental damage and -
compared their answers with the examination findings.  Among children said by T
dentist to have traumatised incisors approximately half of the mothers aaid thei -
haJ been no accidantal damage. We would ha_ve'expecfed +hat the mothers would have -~

bean aware @f any serious accidant and so we scrutinised the cases whare thora was

disagreensnt batwean the dontist and the mother and found thot in the jorily s

=asen the leve! of traumd recordad by the dentist was very mince and could fairly .

e35ily have escaped the notice of the mother.




23 or orthodoities
s¥ar © aas shown the level of orthodontic nead as assessed by the dental

ex&ﬂlnéré tnis chapter discusses the mothers' attitudes to orthodontlcs.
tcthers ezsarently attach consigerazble volue to the treatment of children's teeth

if *nay zre zrooked or protruzing. They did not, however; have the same level of

"assessrant 25 the dentists as fc which conditions required orthodontfic treatmant.

Among chiliren aged twelve and fourteen who had previously had no orthodontic
‘rea*-an»'~_* whom the dentist considared needed some, half of the mothers said

the chilz -2z no orthodontic irragularify. Since the dentist's assessment for

.artho-an*ic need could arlse from several sources we looked at one particular

orthoseatic sssessmant and examined whether the mother and dentist agreed sbout )
the =-il:'s +eeth being crowded; but even where the dentist said there was crowding
in the upssr niddle segment, that is among upper canines and Incisors, naarly -]

half of rhe mothers said there was no Irregularity.

Sental Saoug "aund and dental health

Amorg the *1:e yesr olds a considerable projortion of children had not as yet been
+a3 the Zen~ist, but among the eight, twelve and fourteen year olds about half the
children wsre said to have besen for 2 check-up within the past six months. There
was, on “ha other hand, a8 considerable proportion of children in the older groups
who were 52T g0ing to the dentist unless they had soms trouble or were prompted by
a nc*e “rom school, This was so for about a third of children aged pight, twelve
=nd fourtssn. Among the fourteen year olds, 127 were said not to have been to the
centist 2t 2!l within the previous two years.

*_In terms of the proportion of children who would benefit from some.dental atfention,

+hat i5 *hcsa with some decay, some. gum #robble or soms orthodontic treatment. need,
the leve! wss vary high even amcng the potential regular sttenders. This was also

the c2se 2~ the gum trouble need end the orthodontic need when. examined on thelr .

osn. In terms of the proportion ot children with-some active _decay the disparity
betwesa 2i+andance patteras was greater but fhe proportion of chlldren with active

" decsy zmong the potential reguler attenders vas disappointingly high. For fourtean

yesr olds 3 hslf of the regular attenders had some active decay, as had 1wo~fhirds.
of tus ozc2sional attenders and thres-quarters of the irregular attenders.

I is fairly common to find that if One calculates disease expe?lence by aﬂdlng-_

_ ¢urrent iscey to evidence of past treatment then the most dentally well cared for

childran coa*sin the highest proportion of children with extensive dlseaée

ii}perieﬂ:et- This ‘arises when tre stage of decay at uﬁlcﬁvsome fillings are .
proviced Iz earlier than the leval used to detect current decay. Fbr‘axamplg, 328

cf fourtea- year olds who had been for a che;k-up in the last six months had,fgh
or rora teeth with decay experlance compared to 22% of fhe ccca5|onat .?enders 
34 327 of “n@lrreghlar atfendars. . i ‘ o
#2 hzus lrasdy sesn that the srThers' attitudes towards preferences tor - dental
“restmegn ary éccording to whs-nar dezidunus or pefmanenf feefh aro involved.
tmueg eizm= yo3r olds €53 of porentially regu!ar a*fenders had som: decayed '

sCiz2isis 'ae*ﬂ, 353 h=/|ng sog acidecus fee*h fhsf wers unresforuble. Amohg'b

se2r olds who ware psmantis! irceguler attenders 767 had some decoyad




ss0u5 toath, 43% having som2 that were unresicrable. The differences betwe:
-« the aitendance patterns wore thus relatively smetl,

The prosortion of children with fillings In deciduous Teeth varied batweasn
.ettanzance patterns espocially. for the five year olds, bzing 433 for those who

had ba2en for a chack-up in the last six months, 1% for those whose check-up had
bean Iengar ago than that and 18% for those who were rot In the habit of going for
a check-up. By The age of elght the differences wers lass marked belng 573, 41%
and 327 for the attendance types respectively. The interesting fact here is that
even s~ong the chlildren who have been for check-uss the proportion with deciduous
tillez teeth is not much greater than a half.

In'farns of the filling experience.of permznent teath the advaﬁtage that the
‘potenTizlly regular affendérs have ovar the children with other ;ffendance patterns
fs to Sa seen among fourtaen year olds whaers the re;ular attonders haie, on average,
6.1 fitled permanent teath compared with an average of 3.3 filled permanent teeth -
a=ong “he irregular attenders. For the fourteen ygar olds who ha?e not been to a -
centis? in the past two years the average nunmber of fitied teoth is as low as 1.0..

] - ] ) The ziternative to the restoration -of décayed'feafh 15 the eventual loss of thenm bf
. o . extraz +ion. The proporﬂon of children who have had some permansnt teeth exfracfed
' " for da:ay reasons by the age of fourfeen varies with attendance paftern.' However,
- even. 27ong fhe ragular affenders a quarter have los? some permaneant teeth’ by that
o . 838. For fhe irregular attenders, the proporflon hsving Iosf soma permanan* teeth
v by ths age of fourteen was as high as 40%. ) .

Chﬁptar 3 . Ragioral variations in the dental condzttor of cnildven .

) Dental attendance patterns zmong children were founc to vary befvaen ths regions.’
tondce and the South East had a ‘higher proportion of potential regular attenders

_-and Vizles had proportianately fewer. Conversely, 'alas had. conslderably more‘
lrrag lar attendsrs proportionately, for example aﬁong fhe fourteen year olds in’
Wales ~o$ weré irregular attenders compared to 223 -In London and the Soufb East.

The examination resulf§ revealed that thae prspor?ién'of children with somé active
" dscay, some fllled teath and some extracted parmznert teath also varied with region.
ch|IC'31 in Lor*on and the Soufh East belng in the cost advsnfag»ou> poslflon and
those ia wgles deiag in the least. For exarple, tne proporflon of fourteen yaar
oids anh some axtracted permanant Teafh was 50F in viales but 183 in London and’ fha
Scuth *asf.

Tra va’!é*lon in treatmant exparience betwsan the rejions was not entirely accountad
. for by the unevan distribition of attendansze pattern. In general; regular atfendars
 hat ‘8srly similar treatmant experlance wheraver They lived Lut firreguisr atierdars

' nsare rire. ||naiy +o have less current detzy and mare restorativa axaeruenva if fhav
liva: in Loadon =nd the South fast. For exa~ple he sroportion of childrae aged

. #ourTesa who htd'sc@e filled permanent +esn T:Kiﬁi.szco:n*'of the three affﬁndan:e'

:pafre‘"s was 93%, 33% and 732 in.loadon aaz *ha Soutn Ezst compared to 83%, 754 .und,
527 i- Wales. In This.réqucf tho Horrh,_riclaﬂts-:n: Zast Anglia aad vaies and

T the inuth Vest tended lo be similar o walas.
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. . Cna factor for which reglonal yariation affected the regular attenders as well as
: : the irregulars was the proportion of children who had lost soms permanant teeth.
For fourtean year olds In the thres main attondance groups the proportion who had
had ‘soma permanent teeth extracted was 18%, |1% and 28% In London and the: South
East, but 403, 43% and 63% in Vales.

. Chapier I Tne dental condition of individual tcoth types
' ¥hen ;rhe lndividual tooth types are examined to see which ones are most prone to
disesse there is no doubt that the first permanent molars bear the brunt of both
wi ..o .- disease and treatment experience among children. 1t is interesting to find that
there is Iittie reglonal -variation in the total disease experience of the first
permanent molars in different reglors but considerable evidence of treatment
" variation. Chlldren in London and the South East retaln many more of their firs?
permanent molars, fewer of which are currently decayed, many more of which are
filled, than is the case In other regions. ’

We looked par'ricularly closely at the dental condition of fourteen year olds slnce

A . they were the last full age group in school at the ‘time of the survey and thus

g oo represent the best estimate we have of the dental condition of adolascents as they

“ . ’ spproach adult life. An examination of +he dental condition of different tooth o
'h/pes‘ for tourteen ysar olds of different attendance patterns from different regions’
revealed that those who were well cared for sppe:: i to be more decay prone because
of the variation in the level of decay at which flllings take piace. The disease
experianced by children who do not gc for dental check—ups was more likely fo be

~ s untrested than was the case for chiidren who go for regular chack-ups.

In view of the history of the first serranant molar it was of interest o
lnvesﬂgafe the condition of the too™h posterior to It, the second'parnaﬁenf-mlar.
Anong regular attenders aged fourteen over half of the second permanent wolars )
already had evidence of disease experience, the great majorlfy of which had been

treated restoratively. Among irregular attenders of the sams age there was less =
svidence of disease but, except in London and the South €ast, the majority of
dlsgas'e had not been treafed restordtively.” Only in a small proportion of cases

. had exiractions of second permanent rolars occurred, the majority of diseased teeth
. ) peing currently decayed. ' ’ : )

At the time that the survey dental examination was ‘carried out the majority of
decayed teath found among fourtean y‘ear' old irregular attenders were sti n- - )
restorable, so although the fourtesn year olds who ére not accustomed ‘to 'qoing to
the dentist for a check-up had consilerably more current treatment need than fhe

ragular attenders the position was.rst for the most part Irrnfrlav=b|e.

Cranrar £1 FHozare variation goong five year o133
, detailed anslysis was carried out =3-investigate what factors werc associated
Wit *he estimatad total d%lduaus :is2as2 exparience of five year olds.  1f was
feu ha'l' socizal and backgrouﬂd taz*zra such as the mothar's awn denh:l attendance

:a-fsrn, ‘“the parents' occupation &nz. asuzational attainment were associsted with

disazse experiance. [T was also fo.-~C thav Co 52358 expe« ienca was a,su_mfed uwith




region. The analysis that was carrled out to see whethsr factors othar Ihan social

and ba:k;round were assoc;ated with the regional varrafion in disease we. rather

Jinzonzlusive.

Difisrent methods of upbringing and variocus. current eating habits showeéd that some

pattarns of behaviour were moro associated with disease than others. For exampls,

I the child had been in the habit of having drinks from a bottle beyond the age
of two ths Iikellhood was that the level of disease experience would be high. On

.tha other hand if the child had been a thumb sucker beyond the age of thres the

lika! ihond of disease was fairly low. If the child ate somethlng at school break-
time +the disease experlence was higher than if he did not. If the five year old
ate few or no sweets the likelihood of decoy experience w» lower, wher 3 if the

" chilg helped himself to biscuits the disease experience was hlgﬁer.

Mone of the Indicators are intended to be interpreled in isolation but they have
bee~ used to illustrate the fact that exposure to certain conditions has ceclain

. rasults. The results which we show may well not be direct cause and offect

relationships, for example, the fact that a child of five Is fres to help himsalf
to discults may mcrcly reflact that he has had the apporfunlfy to develop a liking
for sweet food which could well be manifested In many d|ffarent ways. Merely
stopping him from helping himself to biscuits may not improve the slituation.

'22.2  Conclusions :

One of the maln purposos of the chlldreﬂ's survey was to provide information about

the dental health of children which would complement that obtalined from the survey
arong adults, thereby showing at what sfaga the characteristics whlch so markedly
distinguish aquifs of different attendance patterns in dlfferénf regions are ~
observable among children. o

i'Many of the dental attitudes that people have are fransml#fed from parenfs 1o
.chl!dre1 vory early In iife. Even by the ags of tive many declslons hava been

mzde as to the chlld's dental attendance pattern and attitudes towards treatment..
Sore changes of affifude do take place durlng the child"s school |ifa and the survay
resslts show that some children with not vary good dental a?fendance pa??arns are.

.hraceivcng restorative treatment; but the gap betwean ths dental condition of thosa -
whe attend regularly and those who do not Is apparent even among the five year olds, .

among whom 43% of children who have recently been for a check—up have some filled
deciduous teeth cqmpared to 18% of the children whd do not go for a chocn—up.
Alfhoug' all the deciduous teeth are eventualily lost the recollection of fhan

} ?dgﬁnal treatment angd the reSulflng expectations of dentistry remain. As fhe
.'per"aﬂen* dan?lfion develops one finds that the children with.the best dnnfdl

basvgrosnd have more restorative treatmant ard less current decay but no-less

cis2a238, Howaver, by 1he age of fourfeen the variation In dental conin(noﬂ D tween |

'hlf n-of *ifferenf affendonce pa?terws and diffsfenf ragions has not” for the

mos* a»r‘ resched irreparable dimensions (except for the state of the first

.f molaFs). In +heory the vast majerity of childran at this age could ba
Aes|ly fit and have a rea>onable expactation of adequate reliance on natural
teath ae!l into pdult tife, prov[ded thet rasources were available to car ry out The

bazrlo g ¢ +treatment noeded and the chnldreu ware crapared to have the rna?meu‘
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Howaver. In the real worid resources are limited énd childrea’s dental attitudes
have already been moulded by their exporiences and expectations. The fact that at
the age of fourteen the situation would still appear to be reirievable for most
children does not mean that the future situation wilt in fact be saved. In the
survey of adult dental health carried out In 1968 the differences belween the
treatment received by young people aged 16~34 according to their attendancs pattern:
and the region in which they llived were more marked than among the. fourteen year
olds in 1973. The yoong adults had a wider range of permanent ‘teeth extracted and
a wider range of teeth extensively filled. [t Is not possible to say how far the
fourteen year olds will in the next few years recreate thot pattern, It is only
possible to say that at fourteen the position was still redeemable: . It is hard to
say how far the attitudes of the fourteen year olds are already entrenched in terms
of the priorities attached to dental welfare but It Is worrying to compare tha v
ragional variation in loss of permanent teeth among fourteen year olds with the
regional varistion In.totsl ftloofh loss among adults.

Tabje 22.1 ’ : S '
Tooth loss among fourteen year olds and total. tooth loss among adults, by region

Region Proportion of fourteen Prop:.:ion of

year olds with some adults o4
permanent teeth in 195+
extracted in 1973
The North 37% 308 . 46§ 85
Midlands and East Anglia 388 207 348 629
Wales and the South West  34% 145 . 43% - 431

London and the South Fast 188 263 28% 1008

The regional variations. that have come to Light from the analyél_s of . the survey
r'esulfs were known to exlist before the survey was carried out, for the survey

Table 22.2 o . . L
Regional variation in treatment carried out through the General Dental Service

-

Région - " Ratio of conserved* to Ratio of filled*
: . . extracted deciduous teeth to extracted’
. for children aged permanent teeth
. - for chiidren aged
.0-4 5-15 T 5-15
North™} . - C1a2 0.5 5.09
. : North West The North 1.47 H1.43 0.88}-0.78 5.72 5.9
Yorks & Humberside 1.5 0.79. ©6.954 -
y . . ) .
West hidlands Midlands and - 1.95 . 1.06 6.877 -
East Midlands fast Anglia 2.06 }2.16 1.06}1.12 - 7.38 -1.21
East Anglia 3.62, .51 8.05, _
| Wales Wajes and 1.58} 0.94 o '4.25]_- s
South West | the South West  3.44.J2'%% 2.1 1.5 g4 830
~ 6.L.G. London and ~ 10.707), 4; 3.40 17,06 5 4
South East_| the South East - 5.55 7.06 5 49282 gy 3130
Wales - Wales - 1.58 1.58 0.94 0.94  4.25 4.25.

*  Tpaatment coeried out under the General Dental Service ao reported in

the Dental Ectimates Board Armual Report. for 1377
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findings reflect the same vertations as are shown by the rotins of restoration to
extraction in the deatal troitment carried out within the General Dantal Service
and reported in the Duntal txtimates Board Annual Report 1972, and indeed in
previous annual reports. Hosever the context in which to interpret them was not
known until background information and the overall levels of disease among children
wore established. Since the survey results show no massive variation in dlsease
experience regionally which could have accounted for ths reguonal varnafion in The
ratios these variations must be due to treaiment rather than disease.

It one compares the reglonal variation in treatment with the regional variation '
In population per dentist and pupils per schoo! dentist then maybe one should not
be surprised to find that In the soufh conservative freafmanf has been provided
for 2 much Iarger and- more varled group of children than is the case in other

reglons.-
Table 22.3 )
Regional distv?_bution of manpower resources
Region : : Persons per Pupils per
. GDS* dentist _schoo? dentistt
North . 5783) . - 5633
 North Mest Tie Horth ~ 5210 }5395 - 6260 |a9
Yorkshir-e and Husberside . 5414 6539 |
West MidlandsY 5602 C o ess3) .
East Midlands "}g}:":: ad 5765 |5578 7515 6633
© fast Anglia ast Anglla 561 5485 )
 Males Wales and 5736 ),457 509314552
South West J the South West 3828 ‘ 4201
G.L.C. London and 4829
South East [the South East 5717}"59 s SSII}52°7 '
Wales © Males 57% 573 - 5093 5093

* 4 General Dental Scrvtac .
+ Puptla at 18t January 1973, uhala time dentist aqutualcnts at 31st Dacembcr 1972 -

The pracflslng dentist sees in a clinical seffing the dental situation that we have
described from the survey results. He is maklng his pafients reasonably dentally
fit or relieving pain in sifuafiéns of emergency. .Since sven among the children
who are regular attenders we found that neerly haff had some current decay it Is
not surprising that the dentist's time is fully taken ﬁp with the treatment
requlreman?s of fhe children aiready on his books. '

Without the information which a Survey can provide if is very difflculf to telt

- what proporfion of chuldren are repeatedly dropping through the profe:+|va net of

rasforafive dentistry. Among tourteen year olds 125 were s=id not to have seen 2

dentist in the previous two years end their restorative ‘experience was very timited

compared 10 other groups of children. It is, on the wther hand, encouraging to sae

that among .the 21 of fourteen year olds who have boar to The dentist fairly

recantly atthoagh prompted by dental frouble or "a note, ¢ight oul of ten have s il




filled teeth and are therefore rec. iving care and aﬁenflon despl're their attitudes

ahd backgrounds.

Many o_fy the policies which Lave gﬁunpfed to tackle the probtoms of scarce resources
have advocated limiting restorative dentistry to those chiidren who demonstrate )

. favourable dental attitudes and behaviour. Any assessment of priorities on this

basis accentuates the marked division in dentai attitudes thus perpetuating the

- 1imited expectations that some sections of. the community have of dental health.
The problem for the future, which Is by no means a naw one, is how to reduce disease -

and how to Increase treatment resources in order to provide the full a'nounf of
restorative treatment shown to be needed among chitdren. :
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Between-Meal Eating Patterns

Q :) . Epidemiologic Study of Dental Caries Expericnce and

—

R. A. BAGRAMIAN and A. L. RUSSELL

ug
School of Dentistry, University of Michigan, Ann A rbor, Michigan 48104, USA

The relationship between dental caries and
beiween-meal snacks was investigated in a
study of 1,486 high school students. The
participanis o, nplcted a questionnaire on
between-meal jzabits and then were given
dental examinations. The lack of differences
in dental caries between racial and geo-
graphic groups was not related to the fre-
quency of sucrose-containing, between-meal
snacks.

Dental caries has been designated as a bac-
terial disease, although there is no agreement
as to the specific eticlogic organisms in-
volved.! As a resuit of recent research, in-
formation on the mechanism of the activity
of caries and the organisms concerned has
been obtained. Bacteria, such as strepto-
coccus strains, have been found to cause
lesions on the smooth surfaces of animals’

- teeth: bacteria are dependent only on su-

crose for the production of dexiratis®3 Dex-
tran binds bacteria together and causes them
to stick to the tecth: sucrose is the principal
substrate for the production of acids that
attack and destroy the substance of the
teeth.A Consistent with these findings is the
fact that the progress of lesions in popula-
tions is related dircctly to the presence and
frequent use of sticky sugars in the dict.®
Prevalence of caries has been associated
with the amount and frequency of high
sucrose-conlaining,  hetween-mical snackst
Caries expericnee is assaciated with between-
meal cating so that dilferences or Jack of
differences between racial and geographic
groups might be reluted to the amount and

Boscd on 2 thesis submitied 10 the Schooi of Public
Health, University of Michigan, in partal iuvifillment
of the requircments for the PhD degres.

This investigation was supporied in part by USPHS
Rewcarch Traming Grant 5 Tui DH 005 {rom the
Narional Institutes of Heaith, 3ethesda, Md.

Recoived for pudlicaicn Fedruary 16, 1972,
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frequency of sucrosc-containing between-
meal snacks. The purpose of this study was
to test the hypothesis that dental caries is
related to the consumption of sucrose-
containing betwcen-meal snacks.

Materials and Metiiods

A total of 1,486 white and black high
school students in Detroit, Michigan and
Columbia, South Carolina who were 14 to
17 years of age completed a questionnaire
on between-meal eating habits. They then
were examined for dental caries.

Dental examinations were conducted with
the aid of a portable chair and a dental spot-
light; radiographs were not uscd. Carics
experience was recorded by use of the Klein
and Palmer code.’ Only obvious lesions in
which soft dentin could be detected were
recorded as carious. An assistant recorded
the dental findings.

The drinkihg waters of both cilics’ con-
tainecd no fluoride until about one year
before the survey. To obviate the effect of
ingastion of fluoride on the prevalence of
carics. only residents who had consistently
used the city's water since birth were in-
cluded in the sample. The effect of outside
sources of fluoride was controlled by the
information on Tresidency and permission

slips and by questioning the participants.

Some participants were excluded as a result
of incompleie histories or because they had
wsed water other than the city's.

Total caries experience, s indicaled by
DMY tecth, may not be related closcly. to
the consumption of sucrose. because ull
lesions that arc found in the mouth are in-
cluded. This problem was aaticipated in the
early stages of the study, and therefore.
dental data also were recorded and coded
accordinz to smooth surface and proximal

_iesions. The DMF tecth of each person and

]..(éo

Pl §2 No. 2

the mean DMI tecth
calcubtad sceonding |
geagraphic location.
Information about
quency of comumued
tween-meal snacks an
was gathered by e
guestionnaire. The o
understood and it war
during previous pret
ditions were used to
fore a dental examin:
The main purpos
was to determine n
form of between-m
students were asked t
such as candy, cal
crackers, and so fc
sometimes eatcn, or
meals. The study d
determine a genera
attempt to acquire
cerned specific amot
The prevalence of
compared with diffe
pafterns of cating, p:
and types of sucrose

Ape
Groups

Malesin [

17
All age:

Males in(
14
15
16
17
All age
Females i
14
1s
16
17
Al ap

Females
14
N
16
17
Alfag
A
- 3D,

] T o o v Dby
- NP o s FF e T Y s i < areptgion

e ot 59 et vt e, St 7 1o i S . iV Y PAL S 35 o ey Fes s SR

€-6 a

T TR T A TN R R

«




<he

was
Jes is
€ucfose-

X high
an and
2 14 to
onnaire
oy then

2d with

Caries
¢ Klein
s10ns in

4 ve
:Cd\.}

23 ¢On-
e year
Fect of
:nce of
i -istontly
2re in-
sutside
by the
mission
<ipants.
2 rosult
Ay had

al spot-

T

g —— T e o g,
© e o —————

ol 82 Nes. 2

the mean DM tecth of cach group were
calculated according 1o age, SCX, raec, amd
geographic locahion.

Information about the amount and fre-
quency of consumed sucrosc-containing be-
tween-meal spacks and cartogenic foodstufls
was gathercd by use of a scif-administered

(’.4RH‘:'S & RETWEEN-MEAL EATING PATTERNS RIS

Results

Findings for the analysis of DMT teccth
are indicuted in Table | and have been dis-
cussed in a. previous report® fn Detroit,
significant ditferences were found for race
and age, hut there was no significant dif-

e g i R A S S5 18 0 B . Sy e Al T rhvngr

/- questiontaire. The questionnaire was casily ference between the sexes. No significant
/ understood and it was filled out as indicated ds.ﬂcrc,nccs \:v?rc t:ound.m data from Colum-
/ Lo : o bia. When taken as a whole, the mcan DMF
, during previous pretests. Standardized con- b for Columbia was slightly highcr than
' ditions were used to cnsure uniformity be- ' . y . '
fore a dental examination was given. lth;:'icnn \aluc; for Dctmxt.‘ . . .
The main purpase of the questionnaire b 'e rcsul’x? "m.m th'.f* quc.sponpmrc about
was to determine snacking patterns in the »cmfzen—’mc.u Lating were exammcc_l to de-
: form of between-meal cating habits. The roroa's if a difference or a lack of differcnce
students were asked to indicate if food items, f_ound m carics expericnce could be asso-
such as candy, cake. ice cream, bread, cn.ated with the frequency and amount of
crackers, and so forth were never eaien, high fucrose s:}ac}\ S . )
sometimes caten, cor usually eaten between Scveral preliminary analyses were con-
meals. The study desicn was intended to ducted to determine if patterns of response
determine a general ;;attern rather than followed specific trends. A review of several
attempt to agquim information that con- hundred questionnaires resulted in a deci-
cerned specific amounts of consumed food. sion to classify responses according to }he
The prevalence of caries experience was presence or absence of sucrose. Specific
¢ compaied with difierences in between-meal  itcms were categorized as sticky sugar, sugar,
patterns of eating, particularly the frequency and low sugar. The results of a pr;ehmma.ry
and types of sucrose-containing foods. analysis are shown in Table 2.. This classifi-
TABLE 1
Mean Numeers of DMF Teemd
White © Black
Age i e
! Groups No. ~ Mecan SD* Neo Mean SO
Males in Detroit ‘ L
14 30 11.13 5.19 55 8.56 400
18 39 10.5¢6 5.10 47 8.85 3.71
; 16 18 10.39 437 32 10.22 4.69
: 17 21 11.33 2.82 16 10.19 3.76
All ages 108 10.85 150 - 945
Males in Columbia
14 32 10.81 4.31 61 10.34 4.20
15 61 9.23 176 64 1137 3.90
16 36 12.28 427 42 11.10 3.61
17 29 10.79 425 30 11.47 535
Allages - 158 10.78 . 197 11.07
Females in Detroit ,
14 27 10.15 333 92 8.61 4.10
15 3% ¢ 1139 3.75 105 R.74 397
16 38 12.00 3.91 $7 . ALl 5.40
17 18 12,43 4.62 24 10.67 4.85
All ages 108 il.59 278 9.78
Females in Coiumbia
14 32 11.16 3.55 74 11.07 3.98
15 55 11.13 5.33 i03 1074 5,28
16 - 73 11.03 398 76 i1.6i 4.67
17 32 10.23 4.36 45 11.8% 4.35
All ages 9l 10.89 296 11.20
v S, standara <Leviatioa. )
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TABLE 2

SNat ks CoNsuMED RY 15-YEAR-OLD Brack
Femares FroMm Corumpia

Favonite Snack Classilicatson

Candy Sticky sugar
Cookies Sticky sugar
Cake Sticky sugar
Soda pop Sugar

Iie cream Sugar

Gum Sugar
Chocolate milk Sugar
Potato chips Low sugar
Apples Low sugar
Hot dogs Low sugar
Hamburgers Low sugar
Milk Low sugar
Cheeseburgers Low sugar
Sandwiches Low sugar
Fish sandwich Low sugar
Orange juice Low sugar
Grapes Low sugar
Crackers Low sugar

Norte: Total number of individuals who responded
was 100.

cation corresponded to the hypothesis that
persons with a high caries experience would
have consumed more sugars and sticky
sugars than persons with a lpw caries experi-
ence. '
Because the plotted frequencies of DMF
“teeth showed approximately normatl distribu-
tions, data ¢ould be separated into low,
medium, and high caries experience accord-
ing to the mean and a half standard devia-
tion above and below the mean. Those
scores that were greater than a half standard
devialion were designated as high caries
experience, those a half less were designated
as low, and those within a half standard
deviation were designated as medium. The
dental data were separated initially by age,
sex. race, and Jlocation. Because the data
were scparated, ages, sexes, races, and loca-
tions could be combined for further analysis
bused on low, medium, and high carics
experience; data separation also minimized
the effect of longer exposure of the teeth of
_older age groups to carious. attack.
Chi-squares were calculated to determine
if the diiferences in total caries expericnce
{DMF teeth) were associated with snacking
habits, 2s elicited by 25 items on the ques-
ttonnaire for white and black males and
females in Detroit and Columbia. Two hun-
dred chi-squares were calculated. Although
14 of the chi-squares indicated significant
differences, only 6 of these were significan:

SRR S SN §
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with regard to the pattern of the hypothesis,
ic, that caries experience would be higher for
groups that reported more frequent use of
sucrose-contuining snack items.

The next step in the onalysis was to ex-
aminc the relationship between the responses
from the questionnaire and the number of
low, medium, and high proximal Iesions.

Because of this non-normal data, the usual
statistical calculation of the mean and stan-
dard deviations could net be used. The
group with no lesions was designated as low
caries activity. The remainder of the in-
dividuals were combined, a mean was cal-
culated. and then the group was separated
into medium and high caries activity ac-
cording to this mecan. On this basis, the
computer was programmed to indicate the
relationship of the responses from the ques-
tionnaire to low, medium, and high caries
activity by age, sex, race, .and Jocation.
These individual groupings then were com-
bined by age, then by sex, then by race, and
finally by location.

Chi-squares were calculated to test for
significant  relationships of responses on
between-meal eating patterns that were in-
dicated in the questionnaire to low, medium,
and high proximal carics experience. These
calculations were done for antérior proximal,
posterior proximal, and anterior and pos-
terior proximal caries experience. Tests were
done according to sex and race for both
Detroit and Columbia.

Chi-squares were calculated to determine
if differences in proximal caries experience
were associated with snacking habits, as
elicited by 25 items on the questionnaire for
white and black, males and females in
Detroit and Columbia. Six hundred chi-
squares were calcufated. Although 61 of the
chi-squares indicated significant differences,
only 36 of these were significant with a
regard to the hypothesis, ic, that caries ex-
perience would be higher for groups that
reported. more frequent use of sucrose-
containing snack items.

Chi-squares then were calculated to deter-

mine if differences or lack of differences in

caries experience between whites and blacks
were related to snacking habits, as elicited
by 25 items on the questionnaire. Entire
groups of whites were comparad with eatire
groups of blacks in Detroit and Columbia.
Fifty chi-squares were calculated. Most of
these analyses indicated that there were
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significant differences between whites and

Mlacks in snacking patterns as reporied in -

the questionnaire. Carics expericnce in De-
troit was somewhat higher for whites than
hlacks (11.22 DMF tecth vs 9.31 DMF
tecth). Thercfore, it would be expected that
more white than black children consumed
sucrose items. Ameong the 25 chi-squarcs
caleulated for Detroit, 16 were statistically
sigificant. Only six of these significant chi-
squarcs, however, indicated that the pattern
of response was consistent with the hy-
pothesis that blacks would consume less
sugar-containing and more nonsugar-con-
taining items (Table 3).

Unlike Detroit, caries experience in
Columbia was similar for whites and blacks
{10.74 DMF teeth vs 11.14 DMF teeth).

CARIES & BETWUEEN-MEAL EATING PATTERNS 145

Chi-squares would be expected to show little
difference in snacking patterns  between

whites and blacks.

But, 24 of the 25 chi-squares that were

calculated for Columbia indicated consider-
able differences in snacking habits between

whitc and black children. In 14 of the

significant - chi-squares, black children re-

“ported that they consumed more sucrose

items and less nonsucrose items than white
children (Table 4).

Discussion
Studies with isolated poputations, such as
Fisher's report® on Tristan da Cunha, have
demonstrated that as a population changes
its way of life, which includes dictary habits
and sharp increases in the consumption of

TABLE 3

S1oNIFICANT DIFFERENCES FAVORING OR OPPOSING HYPOTHESIS THAT

CONSUMPTION OF SUCROSE BETWEEN MEALS Is ASSOCIATED WITH

A HIGHER CARIES EXPERIENCE IN WinTE CHILDREN (Detroit)

Significant Chi-squarc Values

Do Not Favor Hypothesis

Favor Hypothesis
 Item P Value item

P Vatue Nonsignificant Chi-square

Usual snack <0.001 -Spending money <0.001 No. of meals eaten

Breakfast cereal <0001  Between-meal

Snack like to eat

Sweel potatoes - <0.001 frequency <001 Pop
Potato chips. <0.001 Favorite snack  <0.10  Peanut butter

Crackers <0.05 Candy <0.001 sandwich
. Bread <0.05 Cake <0.001 Fresh fruit
' Gum <0.001 - Milk
Jelly <0001 Tea
Cookies <0001 Other snacks
Pie <0.001 Food eaten every
Ice cream <0.001 day
TABLE 4

SIGNIFICANT DIFFERENCES IN REPORTED BETWEEN-MEAL SNACKING

OF WHITE AND BLACK CHILDREN iN-COLUMBIA

Significant Chi-Square Values ’

Whites Favoring More Sucrose -

Blacks Favoring More Sucrose

N

) gnificant- Chi-Square,
Tiem P Value Item P Value Neither Group Favoring Sucrose
Usual snack <0.001 Spending money <0.001 - Food caten every
Pop <0.02 Number of meals . day
Peanut butter eatcn <0.0m
sandwich <0.05 Snack liketoeat  <0.001
Breakfast cereal <0.001 Between-meal
Sweet potatoes <0.001 frequency <0.001
Potato chips <0.001 Favorite snack <0.001
Bread <0.001 Candy <£0.004
Fresh fruit <0.001 Cake <0.001
Milk <0.01 Gum <0.001
Tea <0.00! Jelly <£0.10
Cookics <0.001
Crackers <0.02
Pic <0.001
Ice cream <0.001
Other snacks -<0.02
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sucrose, there is a2 noticeable increase in
casies. It is plawsible that the hlacks in this
study have changed their way of life from
previous generations amd that they have
.adopted more of a white man’s diet; this
would include a significant increase in the
consumption of sucrose between meals. With
an increase in industrialization and urbaniza-
tion. blacks have become more adsimilated
imto an urban way of life than in past
generations. In this setting, sucrose-contain-
ing foods become more attractive and avail-
able for consumption. )
Saciceconomic status does not appear to

- have been an influencing factor in the re-

sults of this study, because all samples were
selected from schools that are located in the
lower economic areas of tie cities. Schools
that are located in the upper or middle
socioeconomic areas were not used for the
survey. Although a few participants with a
higher socioeconomic status have been in-
cluded because of residcnce, the total
sample was considered to be of low socio-
economic status. Even though the socio-
economic status of the samples that were
studied may not be identical, the populations
generally were in the lower socioeconomic
status in their respective cities. Studies have
indicated that sociocconomic status has little
or no effect on the total DMF teeth, but it
is related to differences among the. com-
ponents of the DMF count; decayed and
missing tceth scores are higher for low socio-
economic groups and filled rather than
decayed teeth scores are higher for upper
socioeconomic groups.19.11

Other investigators have concluded that
the relationship of sucrose to dextran that
is formed in the presence of oral streptococci
facilitates the carious process by causing
bacterial plaque to stick to smooth surfaces
of cnamel #1213 Cariogenic  streptococci
were thought to be responsible for the
initiation of smooth surface caries, but they
will only produce dextran in the presence of
sucrose.3-3.12.34 Sucrose consumption, there-
fore, might be associated more closely with
caries in smooth surfaces alone than with
caries scores that include lesions in pits and
fissures, in which other opacteria are thought
w0 play an etiologic role. Because of this
finding, it seemecd that consumption of
sucrose would be reiated more closely to
carious activity on smooth surfaces than to
lesions in pits and fissures. Chi-square re-
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sults, however, did not swpport this hy-
pothesis,

Specific cariogenic streptococei must be
present, in addition 1o high intakes of

sucrose, in the oral cavity to facilitate the .

initiation of carics on smooth surfaces. 41517
It can bhc hypothesized that increases in
caries that were found among blacks in this
study were a result of infection with specific
bacteria that were responsible for dental
caries in the presence of high and con-
tinuous intakes of sucrose.

_ Conclusions

This study was designed to obtain in-
formation about between-meal snacking
patterns and to relate the differences or lack
of differences in caries experience between
groups with the consumption of sucrose
between meals. To examine this relationship
between sucrose and dental caries experi-

ence, the between-meal questionnaire was

developed and administered to acquire in-

formation about the snacking habits of the -

populations studied.

The results from the analyses of ques-
tionnaire responses, in relation to caries ex-
perience, were not as expected. No signifi-
cant relationship could be found between
the consumption of sucrose-containing be-
tween-meal snacks and low, medium, and
high caries experience. Analyses were con-
ducted for total caries experience as ex-
pressed in DMF tceth and also for proximal
(smooth surface) caries experience, which
was thought to be reiated more closely to
the consumption of sucrose. No clear pattern
of association was found in any of these
analyses. Only a few of the chi-squares that
were calculated were significant; this would
be expected only as a result of chance. The
caries experience that was recorded in this
study was the result of a lifetime exposure
to the oral environment. Changes in oral
flora and dictary patterns or habits, however,
could occur in a short period of time. Past
caries experience, therefore, does not indi-
cate necessarily a strong relationship to”
snacking habits, which could have changed
recently.

An examination of the data according to

race, however, indicated that whites and

blacks consumed a great number of between-
meal snacks. Blacks in Detroit and Columbia
consumed more snacks of all kinds (sucrose
and nonsucrose) than whites. The results
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from chi-guare tests reveaied. that an cqual
number of significant values supported and
negated the hypothesis that “high caries ex-
pericnce would be related to a higher con-
sumption of sucrose snacks between meals.

In this study, caries cxpericnce was not
associated  with. between-meal eating pat-
terns. Lack of differcnces between racial and
geographic groups. was nol related to the
frequency of sucrose-containing  between-
meal snacks.
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A survey of the relationship' between caries prevalence

and the consumption of sugar and other foods by man '

has been interpreted to show that snack foods share importance

with sucrose in caries causation.

Support for this conclusion is found in animal experiments

and some m vitro and in vivo tests.

vThe cariogenicity of snack foods and confections

Basil G. Bibby, DMD, PhD, Rochester, NY

Since the time of Pierre Fauchard, observant
- dentists have concluded that caries activity and
patients” diets are related. The validity of this
conclusion has been established by research
- workers who have shown that changes in diet
produce noticeable increases in caries in human
or animal populations. In spite of agreement on
the importance of food habits in caries causation,
[_the Spec:f‘ ic mechanisms by. which foods acti-
vate caries or the characteristics of foods that
make the’n more or less harmful to teeth are still

uncertain jT‘ne problem for dentists who want to
give their patients up-to-date, practical dietary
advice on caries prevention is complicated by
the introduction of a greater. variety of new foods
in recent decades than in any other comparable
period. In 2n effort to determine whether today’s
patterns of fcod use indicate the need for chang-
es of emphasis in diet counseling, I have brought
togeiher pertinent findings from epidemiologic

-

and diet studies in man, from animal tests, and
from in vitro and in vivo experiments.

Epidemiologic and diet studies

Caries occurred before there were any refined
carbohydrates. It has been found in wild animals
and in the hominids of the Pleistocene era,* and
it affected the majority of the pre-Columbian
Indians in the: regxon that is now western New
York.?

The suggestxon that sucrose had special im-
portance in caries causation was made by Fau- '
chard and other ea.rly dentists who noted that
caries was most common in the mouths of the -
wealthy who alone could afford to buy much su-
gar. The belief that sucrose was the prime cause
of dental decay was strengthened by increased
caries occurrence during the 18th and 19th cen-
turies as the sugar trade developed with the New
World.! However, other changes also were tak-
ing place in the diet besides the increased con-
sumption of sugar; potatoes and refined wheat
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flours wers Joming into more common use.
Further emphasis on the role of sucrose in car-
ies causation resulted from observation on the
vear-to-year changes in caries-incidence that oc-
curred in European countries before, during, and
after the First and Second World Wars3+ when
the supply of sugar was sharply limited. Al-
though caries figures fell pretty much in parallel
with sugar consumption, a clear case cannot be

- mads because, as Toverud® has pointed out, be- .

iween-meal eating was virtually eliminated, and,

- in addition. refinad flour was removed from the

diet. Either of these alone might have reduced
the strength of the caries attack. .

The relation of wartime sugar rationing to car-

ies 2150 has been studied in Japan.® In the year

that the sugar intake was lowest, at about 5 ounc-

es 2 vear, figures about new caries in first molars

were lowest and increased proportionately as
the sugar allowance rose to its maximum of about

3015 a year. As in other studies of this sort, the

effect on caries of the elimination of between-

meal eating or reduction in the use of other po-

tentially cariogenic foods cannot be ignored.
More comprehensive information on time
changes in caries incidence in relation to alter-
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. year-to-year changes on caries prevalence, re

1959. The finding by Glass and co-workers”

natives of food patterns cannot be found. Al-
though the federal services or professional asso-
ciations are not able to provide information on

able information on the production and cof
sumption of different foods can be obtained fro
the US Department of Commerce and the US

Department of Agriculture. Thus, it is possible
“to cast some light on food relationships to caries

by correlation of such incomplete information as
is available on time or geographic differences in .
caries activity with reliable information on food B
use. _ - - :
Some diverse information indicates that the
caries attack rate is increasingly active where
there is no fluorine in the drinking water. Dental
examinations of freshmen entering the Univer-
sity of Minnesota® (Fig. 1) showed about 20%
more DMF teeth in 1939 than in 1929 and also
between 1949 and 1939. The increase was smal-
ler between 1949 and 1959, when it would be ex- -

. pected that increased exposure to fluorine was

bringing about a reduction of caries. J. K. Peter- -
son, according to a letter of June 1972, has re-
ported increases in caries in North Dakota dur-
ing the past 25 years that include a 509 increase
between 1933 and 1953 in Barmes and Walsh
counties and an increase in DMFT in 15-year-
olds elsewhere from 7 to 11.5 between 1940 a

no change in caries prevalence over 25 years, in
spite of the use of fluorine in dental offices, by
prescription, or in dentifrices, also can be inter-
preted as evidence of an increase in the strength
of the caries attack. In Connecticut, Potgieter

‘and co-workers® found an increase in caries in

11- to 16-year-old children between 1944 and

- 1950. o

I there has been such an enhancement of the -
caries attack, what has happened on the sugar

- side of the equation? Surprisingly, none of the

several governmental or trade reports shows any
significant change in per capita sugar consump-

- tion during the past 50 years? (Fig Z)anething
" besides total sugar intake must be playing an im-

portant part. I suggest that this unknown factor
is the way sugar is now being used and the asso-
ciated increase in types of manufactured foods
or snack foods that have come into common use.

. Two interrelated facts support that explana-

tion. One is that today, unlike in earlier years,
~ the bulk of sugar goes into manufactured foods
" instead of being used in the home. Figure 3 shows
‘that the manufacturer’s share has risen fr

25% in 1910 to almost 70% today.® Sugar is usN
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Fig 4 = Changes in consumption of certain types
of Toods, 1955-1985. {Chart courtesy of Iinvesti-
© gators® gnd US Department of Agriculture.)
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in almost all types of foods, but the amount that
‘goes into carbonated beverages and snack foods
has increased most rapidly.® Some relative in-
creases in per capita consumpiion of sugar in
different foods are shown in Figure 4 and Table
1. An increased use of snack foods can contrib-
ute to increased caries in two ways. First, the
- manufucturing processcs increase the cariogen-

icity of sugars and starches or other constitu-
ents. Second, the availability and variety of
snack foods, along with other social influences,
have given rise to habits of more frequent eat-
ing that contribute to caries. =

“The second fact in support of my explanation
is that, for one reason or another, the modern
Ametican is eating more frequently between

Bibby: CARIOGENICITY OF SNACKS o 123




Tabls 1 s Pounds par capita consumption ol sugar-containing foods and total sugar, ' "

1925-1971
) Change

1925-1929 1935-1939 1947-19:9 1957-1939 1971 1929-1971 °
Contactionery 8.0 8.2 9.8 9.4 11.0 37% .
Cereal & bakery 77 9.7 129 15.4 17.6 130%
Processed vegetabies 4.6 44 9.0 9.8 10.4 126% . ‘
Dairy procucts 23 24 4.6 3.9 58 152% : F :
Baveragas 50 52 10.6 126 22.8 356% ]
TYotal procassad toods 28.4 a1.1 48.4 5G.0 70.2 105% ‘
Toial sucrose 100.0 971 948 95.4 101.5 1.5%

Datatrom Pag2 and F}iend.’

3

Table 2 » Changes in per capita servings. of sweat

(dessert) foods in 4,000 homes, 1963-1968."

Food Total% - Dessert% Snacksd

Sott drinks +3285 +114.3 +286.3 - oo
Cakes - 98 - 32.8 +70.4 : : )
Cookies -11.9 ~ 42.6 +39.9

Fruit - =109 - 3835 +58.1

Snacks{chips and so forth) +28.1 + 1 +63.2

Candy(chocolate) +29.2 - 37.2 +48.5

Other candy : +41.0 - 83 +48.0

*An Economic and Marketing Report on Frozen Dessmé.vus

D2partmant of Cammerce, October 1969.

meals and less regularly at set meal times. This
may be of particular importance in respect to car-
ies as indicated in Table 2, which shows that
sugar-containing foods are used less frequently
with meals!® when they would be least destruc-
tive, and more frequently as snacks when they
would be most damaging.(_’l’herefore, it seems
likely that, as of today, the form and frequency
with which sugar is used is more important than
the amount eaten’\ Further, since the consump-
tion of baked gob'ﬁs (Table 1) has increased in
recent decades twice as rapidly as the consump-
tion of more sugary confections, it seems log-
ical to give more weight to such flour-sugar prod-
ucts as contributors to any increase in the
strength of the caries attack that may have oc-
curred. '

Geography also has a relationship to caries
prevalence. All known studies have indicated
greater caries activity in the northeastern states
of America than in the southern ones.*! This is
true even when factors such as fluorine content
of the water and sociological factors are
matched.!? There is no parallel higher sucrose

. consumption in the northern states, Actually, in
‘the low-caries southern region, the average

weekly household (3.1 persons) consumption g
sugar is higher (2.8 Ib) than in the high-caril
northeastern region (1.9 1b).*? In contrast, U
Department of Agriculture surveys®'? bring out -
that the consumption of baked goods contain-
ing flour and sugar is higher in the northern states
(Fig 5) and that the spending for between-meal
snacks is also higher (Table 3). However, car-

BAXKED GOODS _
Quantity Per Male Person in @ Day

GRAMS
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&0 i- — a 4
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|
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‘Fig 5 » Camparison of per capita consumption of
baked goods in northarn and southern statas.
{Chart courtesy of investigators® and US Depant-
- ment of Agriculture.)
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YTable 3 = Sugar and snack consumption. in pounds per
motseno 3 (31 persans) 2 week, in northeast (high caries) and

southern {lower caries] states.

Total Jams3 , i
Region sugar . jslies Syrup Drinks Cola Candy
Sugar ‘
Noriraast 198 035 0.25 535 226 - 060 -
Soutn 2.85 0.52 .0.486 515 398 0.40
Baked :
firead goods Crackers Cakes Cookies Cost
Snacks . :
Nortreast. 4.85 3.82 0.59 064 093 S..78 '
Soutn . 3.8% 313 0.48 039 082 5130

Datatrom Rasearch Seevice. US Dapartment of Agriculture."?

~ SOFT DRINKS

R
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QIETS IN F=§ NORTH AND SOUTI. ¥ DAY % oG 1988

Quantity Per Male Person ‘" a Day
GRAMS .
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A00 ' -
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100+ <

) e 3
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Fig 6 » Comparison of per capita consumption of
soft drinks in horthem and southern stales. {Chart
courtesy of investigators® and US Department of -
. Agriculture.}

bonated beverage use is higher in the South? {Fig
6). All of this information supports the likeli-

i

hood that differences in food composition, other
fhan its sucrose content, are involved in caries
cm_né_.maL;ughffa'ct'cifs"fi;{fFoﬁ’tcxture_
and the frequency of eating are important.

Tnformation on caries prevalence and food use
also is available for groups by sex. Girls have
more permanent tooth caries than boys** of the
same age although they eat less sugar and baked
goods.? Earlier eruption of permanent teeth prob-
ably zccounts for much of the higher caries rate:
in girls but more frequent snacking or other fac- -
tors also may play a part.

Observations on selected human groups of
limited size can be used to supplement broad
epidemiologic findinzs. In an investigation of
food relationships to caries. information on food
use may be sought by study of persons whose
caries state is known; conversely. caries assess-
menis can be made after dietary modifications
have heen instituted. Studies of both sorts have
been made.

" A wide assortment of studies,s? including
one by Hyde, Bibby, and Brudevold, are in the
former category. They vary in many aspects.
One of these is the extent of the differences in
caries between participants in high and low car-
ies groups for which actual figures are not al-
ways given. Another is in the methods of infor-
mation collection on the participants’ diets;
these methods ranged from parent interviews to
the compilation of seven-day diet records. Since
a full consideration of all of the variables is im-
possible, the essential information has been
brought together (Table 4). The last column in
the table, which lists the principal conclusions
of the investigators, shows that the frequency of
eating and high candy consumption are men-
tioned most often as causes of caries, followed
closely by the use of flour-containing foods. Lit-
tle evidence of nutritional effects is found. Only-
one study failed to associate high caries with
one or another of these factors.

Studies of the other sort, in which the caries
status was determined in persons on controtled

Bibby: CARIOGEMICITY OF SNACKS = 125



Tazte 4» Summs-y o ~200rts 0n diets of high-caries and low-caries persons.

Canes_ grouss

. 'Aée ) '

O3tz Location High tow Authiors’ reasons for high cariss
1934 Michigan S0 80 School More desserts
1235  Vanous 19racial groups Various Mara Iraquent eating, not nutrition
18353  Norway 40 1 Schoot Mare swaets and soft bread
1333 England 12 12 3-12 . Bstwean meal eating, more sweats. and
. S térmentable carbohydrates ¢
1543 South Alrica 41 20 5-12 Mora trequerit sweets
1335 New Englang 275in 5 groups Mititary More meals and snacks
1953  Czechoslovakia ... ... School Sugar and white fiour :
1355 = Connecticut 864in3groups - 1-14 - Poor diet, somewhat mora batwaen-me
. : eating, candy, and soft drinks .
#° 23karaand others? 1955  Thailand 2.300in 2 groups - 4-18 More sugar and wheat flour
Ezzsqse-zarn? 1353 Switzerland 249in 2 groups 141§ Highar sugar and white bread
Crz.p0232 . © 1252 Hungary 3.859in groups 38 - Early weaning, high sweels, batween-
) ) . " maal eating .
212 ang oivargls 1953  Indiana 200in 4 grouns 813 tore betwaen-maal sugar
Ve 334 Trinanis 1930  Tennessze 1,373in 8 groups - Morecandies. coouies, and sodas
E-32'9r3 4 Cranzss 1831 England 72 157 4-11 Maore carbohydrates '
F.o. ar2=nars?? 1852 - Japan 808in4 groups School Mora cakes and candy after supper
Pr333rageed 1353 Ghana -383in 3 groups 6-12. ' More sweels . .
[ AFE . 1839 Japan 155 subgrouped 2-3 "More fraquent eating ‘
Pa —gr* 1371 England 366 355 " 7 . Carlogenic foodand liquid at bedtime
Sz-udsenand otharsd 1371 Swedan 1.401 subgroupad - - 4,8,2nd13°  More sweets. buns; and cakes
Laasoni? 1972  Swedan 158 187 14 . - Frequency of eatingloflee, gum, and

BagramianiRusselt® 1973 USA

1,486 in 4 groups

___sweetmeats
Highschoo! ' Notsucroseor frequency of eating

diets, do not give clear-cut results. Becks and

.. co-workers®! and Jay?s found that elimination of
- sugar from the diet reduced caries activity in a

majority of patients, but. that often denial of
starch-containing foods also was needed to sta-
bilize the caries situation, as indicated by lac-
tobzcillus counts. '
As part of a comprehensive study of the diets
¢ children in three institutions in Penasylvania,
Mack and Urback®® found the highest rate of
caries (DMF/n, 0.341) in the children using 1
ounce of sugar a week, a lower rate (DMF/n,
0.222) in children using 2 ounces, and the lowest
rate of caries (DMF/n, 0.17) in children using 3

~ources weekly. The diet of the institution with .

the {owest caries rate was nutritionally superior
to Ziets at the other institutions. In Hopewood
Houss, a resideniial institution in Australia, at
which children used no refined sugar or flour,

‘the number of decayed teeth was only about 6%

of tnat in nearby Sydney children.3?

In several studies, known amounts of sucrose

have been addad 10 the diets of institutionalized
children. Mack and Urbach®® had boys who
lived in an institution with a good diet add a 2-
ounce candy bar or its equivalent to their sugar

- intake each day for two years. No increase in

carizs was found, and the mean monthly incre-
mer: of caries (DMF/n, 0.0032) was less than
z: usual for Pennsylvania boys. Koehne and
Bu=iing?®: reported that the consumption of 3 Ib
of czndy 2 week for five months produced active
arizs in 22 of 51 orphanage children who pre-

+ a day to the diet of 13 girls for periods
o 1% months: they found that active cardes
¢z~ <ioped in nine girls and that no caries devel-

i1 cuad

&S
-

. C

oped in four. King*® found that feeding two

groups of young children 12.8 g of candy or 8.6 g
of chocolate biscuit before bed each day for two
years did not cause any caries. In another study,
King and co-workers*! added 35.to 71 1b of sugar
a year to the diet of children in different institu-
tions for periods of one or two years. The most
definite caries increment was noted in molar fis-

" sures of 10- to 14-year-old children, but in some

other situations there was less cariés with the
sugar supplements. The authors concluded tiyff
“relatively great differences in the total sugd
content of the diets of children in institutions had
no significant effect on the initiation or spread of
dental caries in periods of one to two years,” but
“that it does not prove that the sugar content of
the diet however distributed and hawever eaten
never affects the teeth.” - o
The best known and most comprehensive

- study of the effect of sucrose on caries was made

in a mental institution in Sweden.** Sucrose, in
amounts of from 10 to 120 kg a year, was fed to

groups of from 39 to 62 adults, with meals, or be-

tween meals, or both, in liquid form or in bread

or candies. Definite increases iri caries resulted .

from the sugar additions, but these increases
were not proportionate to the amount of sugar
used. The frequency of eating and the vehicle in
which the sugar was contained were of equal im-

- portance. For instance, the same 40 g of sugar

eaten each day in caramels divided into four por-
tions gave rise to almost twice as much caries
as when it was divided into two parts. It was

found that 30 g of sugar eaten in milk chocolate
caused a mean of 1.35 lesions, whereas 40 g cong
tained in caramels caused 3.55 lesions. Al
80 g of sugar in bread gave rise to a mean of 1.5
lesions. whereas 330 g used with the same fre-
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quency in beverages caused only 0.43 lesions a

. year.

A recapitulation of information presented in
the foregoing paragraphs serves to indicate its
relationship to the question of updating dietary
instruction for .caries control. Although -the
strength of the caries attack seems to have in-
creased during the past half century, there has
been no corresponding increase in per capita su-

- crose consumptiorn. This suggests that some oth-

er changes may relate more closely to the caries
picture. Since the greatest change in eating habits
in recent decades has been the increased use of
manufactured, ready-to-eat snack foods, partic-
ularly baked goods, it seems logical to suspect
them of being important in caries causation. This
is particularly-true since the increased variety
and availability of such snack foods as well as
other factors have led to an increase in the fre-
quency of eating, which, of itself, is conducive
to caries. '

Support for the belief that snack food con-
sumption is as important as the amount of su-
crose used was found in a comparison of snack
food and sugar use in the northeastern and south-
ern states. Persons in the northeastern region,
who have a higher caries incidence, eat more
snacks but use less sugar than persons in the
southern states, who have less caries.

Further reasons that suggest factors such as
the frequency of eating or the use of the starchy
or flour-sugar mixtures found in snacks may be
as important as the total sugar intake are found
in diet studies with small groups of humans. Al-
though sugar obviously contributed to caries
activity, a consistent relationship between the
amount eaten and the corresponding caries re-
sponse was not shown/Indeed, the best of these
studies®® indicated that the frequency of eating
and the physical form in which sucrose was used .
were of equal or greater importance than the to-
tal amount eaten. | '

i S I .
The only ¢onclusion that can be drawn from )
‘the observations on humans is that factors other |

than sucrose intake seem to be important in car-'
ies causation. They also indicate that the fre-
quency of eating is one of these factors and that;
starchy snack foods may be particularly damag-"

ing.. -

Animal caries

Since it was first demonstrated that coarse rice
and corn would produce caries in rats, a tremen-

dous variety of experimental animal diets hus
been shown to produce one type or another of
carious lesions in rats. hamsters. and cotton rats.
The gradual improvements in study methods.
aimed at producing more consistent results in
caries studies, have led step-by-step to ques-
tioning of the value of previous findings. This
trend has climaxed in the realization that find-
ings on rodent caries are of doubtful value unless
the animals are in good health and both the
amount of food eaten and the frequency of eat-
ing are controlled. This fact, plus recent demon-
strations by Navia and co-workers*? that the
addition of as little as 5% of sugar or sugar alco-
hols to a starch-based diet will produce active
caries, has convinced critical animal! experi-
menters that, at this stage of their knowledge,
most findings on rodent caries should not be re-
garded as having significance for man. Because
of this, I find no point to presenting more than
a brief summary of some findings of animal stud-
ies that might be paralleled in the human mouth.

Although many contradictory results are
found in the mass of work that has been done on
animals, the weight of the findings shows that
sugar is more conducive to caries than starch*4-46:
that except under gnotobiotic conditions, it is
uncertain whether sucrose is more conducive to
caries than glucoset347#%; that equal amounts
of sugar in liquid or gel form produce only a frac-
tion of the caries they produce in dry diets?7*%;
and that additions of fat can reduce caries pro-
duction.®*32 More recent work has demon-
strated that the same total amount of food fed
in many small portions will produce much more
caries than that fed in fewer larger portions®?
and that gelatinized starches are much more car-
iogenic than raw starch.>* In a caries workshop
in September 1973, K. Madsen reported produc-
ing more caries in cotton rats with starch than
with sucrose. Also, the amount of caries pro-
duced by human foods such as cookies or break-
fast cereals has no direct relationship to their
sugar content.55-60 )

In the only study in which a large number of
foods of the sort eaten by man have been tested,
Stephan3® added to a rat diet 2 66% portion of 53
candy and snack items. He found *‘that foods
which were most cariogenic had a relatively high
fermentable sugar content but this relationship
was not necessarily, quantitative,”” Natural sug--
ars and fruits were found to be as cariogenic as.
refined sugars, and it was ““important to recog-
nize that starch alone may have cariogenic prop-
erties.”’
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" The use of monkeys.t!'s? rather than rodents,
for caries studies offars promise of findings that
. could be interpreted with greater assurarice to
mun. However beyond indicating that diets con-
taining sucrose are cariogenic, the work with
monkeys has cast no new light on the canogem-
city of human foods thus far.
In spite of the refinements that have been
made in caries tests in animals, none of the find-

ings can be taken safzly as reliable evidence of

the relative cariogenicity of foods for man. 1 can
- go no further than to concur with Stephan3® that
advice to avoid eating candy *‘may not be suffi-
cient to control rampant caries because many
other foods contain readily fermentable carbo-
hydrates,” and add that factors other than the
amount of sucrose eaten influence animal caries
and probably caries in man.

In vitro tests

In spite of the contnbuuons that the in vitro ex-
periments of early investigators made in estab-
lishing the importance of carbohydrates in caries.
causation, modemn researchers have tended to
discount their value in favor of the findings in
rodent experiments. Now that we realize that
the findings from such animal work have little
relevance to the cariogenicity of foods in man, a
~ casé can be made for redirecting attention to in
vitro studies. The usual methods for -indicating
the roles of different foods are measurements
of their acid production, of enamel demineral-
ization on incubation with oral bacteria, of food
retention in the mouth after eating, and of acid
formed in plaques on the tooth surface.
~In other reviews,®*% 1 concluded that no
single test method, of itself, gives a final answer
as to the cariogenicity of foods but that com-
bined information from several of them could
be meaningful. Therefore, only the pertinent,
previously cited information and some more
recent findings are mentioned here.

s Acid production: Miller®® differentiated be-
tween the caries-producing capacity of foods on
the basis of the amount of acid they formed when
incubated in saliva. He decided that bread and
poratoes were more cariogenic than sugar be-

cause they formed more acid. Using a2 somewhat |

ditferent procedure, Pickerill®® reached the same
conclusion. Beck and Bibby®® pointed out de-
fects in the experimental procedures of these
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ferent spectra of acids that individually vary in

" Bibby and Mundorff and the results of Rowlaf

Ko

o

early investigators, and by use of a procedure

* that neutralized accumulating acid before it in-

hibited glycolytic enzymes, we found that a num-
ber of foods produced more acid per unit offf
weight than did sucrose. .

Bacterial growth and acid production also are
influenced by sugar concentrations, a principle
that is used in the preservation of many foods.
My work with S. Mundorff (unpublished re-
sults) shows that this can apply to candies that
yield up to a 20% solution of sugar in the mouth;
at this level acid production is partly inhibited.

- Similarly, the acidity of foods prevents fermen-

tation, and thus no new acid is formed on incu-
bation in saliva of most sour-fruit flavored can-
dies and beverages. It should be emphasized,
however, that the inherent acid in such items
will of itself produce enamel destruction in the
mouth. Further, there is evidence®® that flavor

~and other components of foods can modify, both

quantitatively and qualitatively, the acids pro-
duced by fermenting foods.

_u Enamel demineralization: Although it is gén~ '

erally assumed that the amount of enamel that
would be destroyed by a fermenting food would
be proportionate to the acid produced, this is
not true.®%-7° Several factors account for this.
First, as indicated by measurements of pH an
titratable acidity, fermenting foods produce di

their ability to dissolve enamel.”™ In addition,
because of the content of minerals or proteins,
many foods buffer acids formed during fermen-
tation and thus reduce the effect of the acid on
enamel. Further, some foods contain enamel-

protective factors such as phytate identified by -
~Jenkins™ or the food. proteins suggested by

Weiss and Bibby™ which are absorbed on the
enamel, thereby making it more resistant to de-
struction by acid. It follows and has baen shown -
experimentally®®7%-72 that there is no parallel
between the sugar content of foods and the
amount of enamel they will dcstroy in labora-
tory tests.

‘& Food retention: The amount of food retained

in the mouth after eating has not been widely
used as an index of cariogenicity. Although dif-

ferent methods of study have been used, it is

agreed™7¢ that starchy foods persist about the
teeth for longer periods and thereby will increase
sugar retention. The unpublished findings o

and co-workers™ show that foods with hig!




sugar content were removed more rapidly than
thosz with less of such a freely soluble compo-
nent. Thus, with sugary foods, retention was
high immediately after eating but did not con-
tinue at that level unless the other food ingredi-
_ents were of a retentive sort. Published’ and
our unpublished data show that fat in food tends
- to reduce its retention in the mouth. Liquid foods
are removed more rapidly than dry ones, and
~ carbonation seems to speed removal. Effects on
salivary stimulation by acid or sugar content
probably play a part in food clearance, but this
is not clearly established.

- Plaque pH: Measurement of changes in

plaque pH give information on the extent and
~duration of acid production from foods on the
tooth surface and thereby should provide a direct
_ indication of their cariogenicity. It is unfortunate
that interpretation of plaque pH is made diffi-
cult by a lack of agreement in the findings ob-
tained by different techniques of plaque pH
measurement. The pH curves given by the tel-
emetric method’® differ in depth and duration
from those given by the more generally used
intraoral or extraoral procedures.’®® The latter
show that glucose and sucrose have the same ef-
fect on plaque acidity. Smaller pH depressions
are given by maltose and lactose and minimal
".changes by raw starch.’® However, if starch is
cooked, it gives much greater pH depressions, %
and if it is used in association with sugar (in bread
and cookies, for example), starch lowers the
plague pH to the same extent as sucrose®* and
meintains the depressed pH for a longer period.$2
Few studies80-82-3¢ have tested more than one or
two types of sugars or snack foods. The largest
of these?* showed that the patterns of pH change
produced in plaques by food were influenced
by the pH and buffering capacity of the foods as
well as by their carbohydrate content and reten-
tion -on the teeth. A clear relationship between
plaque pH and the sugar content of foods was
‘not apparent.

u In vitro caries: Although carieslike destruc-
tion of enamel has been produced in apparatus
designed to duplicate oral conditions, such “ar-
tificial mouths™" have provided little information
on the carjogenicity of carbohydrates. One
study?®® showed that glucose and sucrose demin-
eralize enamel at the same rate, that lactose
softens enamel less rapidly, and that soluble
stzrch is esseatially without effect. In a differ-

ent type of apparatus, bread also produced car-

ieslike enamel destruction.*® In what I believe is
a superior type of apparatus that has been devel-
oped,?” we have produced enamel “‘caries™ by
more than 30 types of candies and snack foods.
A direct relationship has not been found between
“caries’’ production and the catbohydrate con-
tent of the foods tested; other variables obvious-
ly play a part. '

w Experimental in vivo caries: Ethical' and
practical considerations have. limited the num-

_ber of attempts to use specific carbohydrates or

foods to produce caries in the human mouth.
Von der Fehr and co-workers®® showed that fine
white lesions developed on the teeth of patients
who rinsed their mouths nine times a day for 23
days with a 50% sucrose solution and omitted
oral hygiene. Using ename! blocks that were
covered by gauze to hold *‘plaque™ on them,
Keller and associates®® found as much enamel
demineralization produced in the mouth by glu-
cose as by sucrose. A description of a dental ap-
pliance on the teeth to retain acid or unspecified
foods in contact with teeth also has been offered.
but only acid seems to have been used to pro-
duce enamel destruction.®® Bunting and. co-
workers®? found that a gold cup, attached to the-
tooth surface and filled with bread, produced
enamel caries in ten days. '
The findings in the several types of tests re-
viewed in the preceding sections do not seem to
point to any single type of food as being the most -
conducive to caries. In all of the test procedures,
sucrose-containing items gave results that sup-
ported their ability to produce caries, but none
of .the findings pointed to a direct relationship
between the amount of sugar in a food and its
level of cariogenicity as indicated by the test

‘method used. The acid production, demineral-

ization, and in vivo caries tests that were done
with nonsucrose materials indicated caries could
be produced in the absence of sucrose. The re-
sults given by flour-containing foods in the de- -
mineralization, clearance, and plaque pH in vitro
and in vivo caries experiments suggest that mix-
tures of flour and sugar may be particularly de-
structive to the teeth. In short, many variables -
in food composition—besides the carbohydrate
or sugar content—can influence the results pro-
duced in in vitro tests and, by implication, the
cariogenicity of foods. Among those that were
pointed out are the existence of inhibitory levels
of sugar oracid in foods, the presence of acid buf-
fers or enamel protective agents, flavor effects.
and food texture.
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Genera! discussion

. The evidence on caries prevalence and on food
use in man and evidence from animal and lab-
oratory stadies all indicate that variables other
than the sucrose content of foods can be of im-
portance In cariss causation. The fact that more
sucrose is eaten than any other carbohydrate

agentofcaries. Asshowninthe Vipeholmstudy,3?

- the manner in which sucrose is used is of more
importance than the total amount eaten. Many
dentists and research workers have been guilty
of oversimplification in assuming that a one-to-
one relationship exists between sugar consump-
tion and dental caries. The one certain conclu-
‘sion at the present state of our knowledge is that
several variables in food components, as well as
those in oral biology, make it unlikely that any

~ single type of food or food component can be
named as the exclusive determinant of caries
activity.

' > XThe conclusion that neither sucrose or any
other specific.type of carbohydrate can be named
as a sole cause of caries is of theoretical rather
than practical interest. Carbohydrates are not
uszd in the pure stare but as mixtures with water,
flavoring agents, proteins, fats, or other carbo-
hydrates. Thus, even if results had shown that
sucrose alone gives rise to caries, they would
have had limited usefulness in combating dental
caries unless we also knew whether this sugar

gardless of its patterns of use or what it might
be mixed with in foods and beverages) In other
. words, what is needed to give practical advice
tO patients on caries prevention is not informa-
“tion on the relative cariogenicity of pure carbo-
hydrates, but data on the cariogenicity of the
actual food items that they eat. Furthermore,
‘since we know that between-meal or snack eat-

ing is particularly conducive to cades and that
the use of snack foods is increasing, it follows
thzt the most nezded information for diet coun-
seling is on the relative cariogenicity of those
carbohydrate-containing foodstuffs, candies,
~ snack foods, and beverages that are most com-
monty used beiween meals. :

In this connection. attention should be dir-
ecrzd to foods made of mixtures of flour and
sugur. Laboratory tests and some animal studies.
iniizate that. these may be particularly destruc-
tive to the teeth. Also, this type of baked-goods
snuck food is showing the greatest increase in
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effect on the teeth.

does not displace sucrose as the major inciting

was equally cariogenic in all concentrations, re- -

T
use in this country. Further, since these items

are designed for between-meal use, they can be
counted on to exert their maximum destructivg

The value of knowing which snack foods 2

highly destructive to the teeth and which have
less harmful effects becomes more important if

- one believes, as 1 do, that between-meal eating

~the principal activating cause of caries——is a
practice that, because of social, industrial, and
medical influences, is going to become progres-
sively harder for dentists to combat. Therefore,
if we as dentists have to live with an increasing
use of snack foods, then it is our responsibility
to make the habit as harmless to the teeth as pos-
sible. The only way to do this will be to tell pa-
tients which foods are highly cariogenic and sug-
gest foods of low cariogenicity that they should
usein their diet. Also, if such low cariogenic sub- .
stitutes cannot be found on the market, then re- .
search workers and manufacturers should be en-
couraged to develop them and make them avail-
able to the public. This is not an unrealistic pos-
sibility. - E : o
Several approaches to finding foods of low.
cariogenicity are possible. One of these is to find
additives such as the phosphates, which make
highly cariogenic foods less destructive to the
teeth. A second is to sweeten foods with sadl’
charin, ¢yclamate, or other noncaloric swee
eners so that the sugar content of foods can be
reduced or eliminated. The third is to examine
foods that are already in use to determine wheth-
er sufficiently great differences in their cario-
genicities justify the recommendation of some
available foods in place of those with a higher
cariogenicity. The.advantage of the last ap-
proach is that it could eliminate problems of
developing new formulations and manufacturing:

and distribution methods that present far greater .

problems than are realized by those who are not
food manufacturers. : : -

A low cariogenic food has to be competitive .

in taste appeal and cost to be useful. Therefore, -
pending developments of a line of faod products

- containing protective additives or sugar substi- -

tutes, it seemed worthwhile to evaluate by a var-
iety of methods the cariogenicity of a wide spec-

“trum of available snack foods, confections, and

beverages to determine which of them might be
mildly destructive; a second objective was to
explain the differences in cariogenicity that have
been reported to exist between similar types of,
food. Our investigations, which will be reported
elsewhere, indicate that foods do give evidence




of wide differences in cariogenicity, aside from
their sugar content: Along with the material
presented here, they also suggest that attention
should be given to factors other than the sucrose
content of foods in the diet counseling of pa-
tients.

Dr. Bibby is research associale at the Eastman Dental Cen-
ter, 530 Main St E, Rochester, NY 14603,
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- Considerable differences were found

in the extent and duration of pH fall in plaque after the use
of 54 snack foods. These differences made it possible

to rank the foods in order of acidogenicity (and likely cariogenicity).
Parallel measurements of food retention, carbohydrate concentration

in saliva, and saliva flow brought out some correiation but

no consistent overall relationships among the several parameters.
Plaque acidity is the result of extraneous food acids entering plaques

as well as fermentation acids formed in them.

/Acid production in plaques after

eating snacks: modifying factors in foods

W. M. Edgar, BDS, PhD, Newcastle, England
B. G._Bibby, DMD, PhD

———
S. Mundorft, BS

_ J. Rowley, BS, Rochester, NY m

The frequency of consumption of carbohydrate
foods and their continuing presence in the mouth
after eating are known to be important causes of
caries (Gustafsson and co-workers' and Lund-
quist?), probably by reason of their effects on
acid production in plaques where tooth destruc-
tion is initiated. Because little is known about
. these relationships, an investigation on the ex-
tent and duration of the depressions in plaque
pH produced by different foods and beverages
was undertaken. It is believed that the informa-
tion obtained could serve as an index of the car-
iogenicity of foods and that it could be used in
dietary counseling for patients unable or unwill-
ing to eliminate between-meal eating.

Previous work in this field by Kleinberg? has
given insight into the complexity of the diet-
plaque-caries relationship, but has provided only
limited information relating the properties of dif-
ferent foods to the changes they provoke in
plaque pH. Accordingly, factors such as the rate
of clearance of the food from the mouth, its pH

and carbohydrate concentration in saliva, and -

its ability to stimulate a protective salivary re-
sponse were studied in parallel with plaque pH
measurements.
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Materials and methods

n Plaque pH measurements: Studies were made
on 19 young adults on whose teeth significant
plaque formation occurred. They continued to

use their ordinary diets and did not clean their

teeth for 24 hours, or take food or drink for 2.5
hours before each experimental session. As far
as possible these were at the same time each day,

Plaque pH was determined by a method sim-

~ ilar to that used by Fosdick and co-workers,*

Ludwig and Bibby,? and Frostell.® Plaque sam-
ples were taken from all accessible surfaces of
premolars and molars with a stainless steel mi-
crospatula. These were mixed with a drop of
0.45% sodium chloride solution in a one-drop

glass electrode,* having a calomel half-cell with

fiber-liquid junction.t With an expanded scale,
a pH reading with 0.01 units accuracy was ob-
tained 90 seconds after sampling. The electrode
system was standardized with buffers at pH 4.00,
5.00, and 7.00 each day and checked between
each experimental session. Plaque sampling and
pH determination were done before, immediately
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after. and at 5, 10, 15, 20, and 30 minutes after

consumption of a test food.

a Saliva pH and flow rate: Saliva was collected

over a one-minute period before and between

1and 2,6and 7, 11and 12, and 16 and 17 minutes
after the food was taken. The study participants
were instructed to sit quietly and either to allow
the saliva to drool from the mouth or to spit out
the saliva collecting in the mouth during the one-
minute period. They used the same collection
technique at each experimental session.

The saliva was collected in preweighed poly-

" ethylene containers and immediately a sample
" weighing S to 10 mg withdrawn for pH measure-

ment on the one-drop electrode. The remaining
sample of saliva was weighed in its container to
an accuracy of 0.01 g and the weight of saliva se-

 creted in one minute calculated.

s Food retention: The method used was based
on preliminary trials. Each of three participants
consumed a standard portion (or a normal mouth-
ful) of the test snack. At five minutes after nor-
mal deglutition and completion of the associated

_physiologic movements of tongue and cheek,
_ the participant rinsed his mouth for 15 seconds

with 15 ml of water, brushed the teeth and gin-
giva with a wet brush accotding to his established
practice, and then rinsed once more as before.
All rinsings and the washings from the tooth-

brush were collected in a beaker and stored fro-
_ zen until analyzed. The test was repeated, with

new samples of food, with intervals of 15 and 30
minutes between food use and rinsing. The car-
bohydrate content of each rinsing was deter-
mined by the anthrone method of Beck,’ which

also was used for measurement of the amount

of soluble and insoluble carbohydrate in each
food. From these data, the amount (in glucose
equivalents) of soluble, insoluble, and total car-
bohydrate and totat food could be derived. The
findings were recorded as the mean value for the
three persons.

s Snack foods tested: A total of 54 foods, ex-
cluding glucose rinses used for standardization,
were tested. Information on these foods is given
in Table 1. For the food retention studies where
certain candies were available in more than one

_flavor, only one flavor was tested. With a few

exceptions, the foods were purchased from a
single retail outlet.

w Snack fuod use: Different groups of foods
were selected for the plaque pH. experiments:

- — 2

hard (sucking) candies, soft candies and gums,
fruits and beverages, and baked goods. The foods
in each group were tested by five participants
who composed groups that were matched for
sex (two women, three men), their resting plaque
pH, and pH change after two-minute rinses with
a 109 glucose solution. '

Although every attempt was made to main-
tain a normal pattern of food use, the variety in
types of test foods required a degree of standard-
ization to permit comparisons to be made. Hard
candies were sucked for five minutes, at which
time the partially dissolved candy was removed
from the mouth and weighed with its wrapper.
The difference between this and the initial weight
gave a measure of the weight of candy consumed.
The portions of soft candies and chocolate, one
candy or approximately 10 g of candy bars, were
consumed within five minutes. For them the time
taken for eating was noted. Gums were chewed
for five minutes, although the flavor, and pre-
sumably most of the soluble carbohydrate was
reported to be lost after two to three minutes.
Cookies and crackers were given as one portion
and as two normal mouthfuls. This was also done
for fruits. Raisins and nuts were offered as 10-g
portions and beverages as 100-ml portions.
Drinking time was noted. . »

With all foods except beverages, the partici-
pants were instructed to chew or suck the food
normally, but to inhibit swallowing and to spit
the food-saliva mixture into a preweighed beak-
er. After mixing had been completed, the pH
and weight of the spat material were determined.
The known weight of food eaten was subtracted
from the weight of the mixture and, hence, the
mean carbohydrate concentration of the envir-
onment of the plaque during food use could be
estimated. It was impossible to recover all of the
beverage as an expectorate, but because of its
much greater volume, it is not thought that the
saliva would modify to any degree its pH or con-
centration in the mouth. -

Findings

w Plague pH results: In most instances the
plaque pH values followed biphasic curves of
the type described by Stephan®; differences be-
tween individuals and between foodstuffs ap-
peared in the shape and extent of the pH depres-
sions. Two parameters were selected to analyze -
ihese differences: the pH minimum reached after

Edgar—others: ACID PRODUCTION IN.PLAQUES = 419




I Gk ) B

Table 1 s Snack foods tested.

Name

Remarks and constituents of interest

Hard candies
Suckers

Sourdalis

Rock candy
Sweat2es”
A-plus”

Clear mints
Softcandies

Ju-ju Toys®

Giant Jelties®

Licorice Drops”

Raspberry, cherry tiavored loilipops, clear, hard candy. Principally
sucrose.

Grape, orange flavored, clear hard candy. Sucrose, glucose, citric,
and malic acids. :

Crystallized sucrose; light or dark color.

Claar hard candy. Sorbitol 79.7%, gum arabic 10%, citric acid.

Clear hard candy. Sorbitol 30%, lycasin (hydrogenated starch
product) 68%, citric acid.

Clear hard candies. Principally sucrose.

Gum candy; fruit flavors. Sucrose, corn syrup, starch. citric acid.
Sugar-coated gum candy, fruit flavors and licorice. Sucrose, corn
syrup, starch.
Semisoft gum candy. Corn syrup, sucrose, starch, shortening,
elatin. ’

Licorice éites‘ Soft gum candy. Flour, sucrose, corn syrup, licorice mass. burnt
sugar.

Chacolate Milk and semisweet flavors. o

Sugar-coated gum Sugar-coated chewing gum tablets. Chewing gum base, sugar,

Trident sugarless

corn syrup, modified food starch.
Sugariess chewing gum siabs. Chewing gum base. sorbital, man-

Chewing gum slabs, Chewing gum base, sucrose, corn syrup.

Condensed skim milk, corm syrup, sucrosa, vegetable oil, cream, .

Plain white bread. Fiour, shortening, yeast, malt, monaoglycarides, . .

calcium propionate. Unsaited butter. Grape flavored jelly.

Wheat and rye fiours, shortening, malt, caramal.
Whole wheat and white flours, corn syrup, shorteaing, milk
powder, mait, honey, calcium propionate.

High ghl:nn fiour, sucrose, whole egg solids, mait, calcium pro~
pionate. : .
Enriched four, mait. - e e )

gum®* nitol, saccharin,
Dentyna*
Carame!

- whey solids.
Baked goods

Whita bread
Sweetened bread Enriched wheat flour; honey.
Rye pread
Whole wheat bread
Doughnuts Plain.
Bagsis )
Qil-sprayed

crackers -

Unsalted crackers
Saltine crackers
Graham crackers
Chocotate grahame

Sponge cake )

Twinkies® — - .. =-

Astrofood’» LR

Pound cake
Angei food cake
Chocolate cake

Apple pie ‘
Plaincookies -,
Sandwich cookie - | :

P

Enriched flour.. e e

Enriched flour, mait. oo T

Enriched wheat tlour, graham flour, sucrose, motasses. .

Enriched flour, graham flour, sucrase, cocoa powder, nonfat mitk
solids, honey, molasses. - :

.

Sy
.

Plain sponge without glazing. Sucrose, egg yoiks, whole éggs. '

fiour, nontat dry mitk,

1at dry milk, soy flour, corn syrup, starch.

.. - Filled spor;& cakes. Sucrose, flour, ogg:. corn sugar, whey, non- .

- Filled high-protein spange.. Sucrose, flour, calcium caseinate, -

corn syrup, eggs. nontat dry milk, raspberry puree, dicalcium
phosphate, corn starch, agar, sorbitan monostearats.

Sucrosse, whole aggs, enriched flaur, whole milk.

Egg whites, sucrose, flour, starch, cream of tartar.

Sucrosse, enriched flour, whole eggs, chocolate, cocoa, corn B

syrup, whole mitk, buttermiik.

Crust: flour, glucose, baking soda. Filling: apples, sucrose, corn -

starch. -~ . )
" Enriched wheat tiour, com flour, corn syrup, eggs, sucrose.

Cream-filled. Filling: soya protein, nonfat dry milk, rye fiour, egg
. white, lecithin. L. oL
Beverages and other foods - - emers PO

Coca-Cola” 10.5% carbohydrate. e

7 up”® 10.3% carbohydrate. ST T e

Orange juice Wholé orange juice, unswesetened. = -

Apple juice Unswestened. -

Mitk Fortitied whole milk. - -

Chaocolate milk. ... Skimmed milk, whole milk, sucrase; chocolate.
Potatochips --- .’ Potatoes, vegetable oil, salt. - - :

Peanuts . Sheiled, roasted. ’

Cereal Cap’'n Crunch:* corn and cat flours, sucrose, brown sugar.
Apple Red Delicious. Ll )
.Banana .

Raisins Seediess. .

Dates ve

¥

t

.l
>

-

“Trade name.

food use and the sum of all pH depressions be-
low the fasting bascline level (2D). This latter
value was found to be closely correlated with
the triangulated area of the curve below a line
drawn horizontally from the baseline and was
used as an index that reflected the duration as
well as the severity of the pH fall.

The data obtained for the glucose rinse pro-
cedure were subjected to analysis of variance,
and no significant difference between means for

420 » JADA, Vol. 90, February 1975

the individuals between groups could be found
either for pH minimums or ZD values; this sug-
gests that the individuals were well matched for
the purpose of comparison of the plaque pH
changes in response to foods in different groups.

So that the results could be displayed in a use-
ful form, the mean values found for five individ-
uals for each food were ranked in order of pH
minimum and 2D values. Those foods with high
pH minimum or low %D values were given low

R N——
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Table 3 » Foods grouped by category and acidogenic potential.

- Bread, Candies
cookies.
Group B2.3-22:5 Fruit crackers Cakas Hard ) Sott
1 MY Peanuts - Sugarlessgum
2 Craz3'stz ik Potatochips Bread & butter ‘Sweetees Caramels
Apple Graham crackers Sugared gum
Chocolate

3 732 Banana Sandwich cookies

Coze-Coz2 Crackers
Bagel

4 Ap2'a,uc8 Dates Bread & jam

Orznz2..z¢  Raising Whole wheat bread
Cereal Plain cookies

5 Caza-Co'a Apple pie

{rinsa: Chocolate grahams

Licarice candies

Twinkies Orange Giant Jellies

Doughnut
Most cakes

Angel food cake A-Plus -
Rock candy
Clear Mints

Sourballs

Ju-ju Toys.
Suckers

selected plaque pH curves for foods in the three
categories based on discrepancies in ranking.
Although the differences in the patterns of pH
fall were not great, some of the expected pat-
terns were seen, especially the delayed pH fall
“for type B curves and the brief fall in pH (occa-
sionally after an initial pH rise), increasing to
approach resting levels for type C curves. These
discrepancies might be expected to modify any
possible relationship of the rank numbers shown
in Table 2 with the cariogenicity of the foodstuff.
This point may be illustrated by consideration
of two foods: lycasin candy was ranked 51st for
pH minimum, but 9th for 2D, whereas apple pie
was ranked 35th and 49th, respectively. Clearly,
neither ranking by itself can be expected to yield
a wholly satisfactory index of potential cariogen-
icity. -
Accordingly, the foods were grouped by in-
spection of the pH minimum data into six groups,

of ascending acid-provoking potential, but with -

this adjustment: foods with type B curves were
allocated to a more ‘‘cariogenic’’ group and type
C foods to a less ‘“‘cariogenic™ group (Table 3).
This table also categorizes food classes, and it is
of interest to note the positions of the majority of
‘hard and soft candies relative to each other, and
in addition the relatively nonacidogenic nature
of carbonated beverages compared with fruit
juices and other foods. '

» Food clearance studies: An examination of
the relationship between the pH changes in
plaque and the rate of clearance of the food from
the mouth is of interest. The clearance studies
- showed that, after 30 minutes, the amount of car-
bohydrate retained in the mouth was little more
than the amount found by oral brushing and rins-
ing without food (Table 4). At 5 and 15 minutes,
however, a variable amount of carbohydrate,
‘greater than that at the baseline level, was found
in the rinsings. The values for 5 and 15 minutes

422 » JADA. Voi. 90. Fabruary 1975

were closely correlated (r=0.83) and, therefore,
it may be assumed that the amount of carbohy-
drate retained five minutes after consumption of
a foodstuff is a useful index of its retentivity or
clearance rate. Correlation coefficients between
rankings for five-minute carbohydrate levels and
pH minimum and %D values were calculated for
the 48 foods that were tested both for plaque pH
and retention and revealed a statistically signifi-
cant correlation (rs=0.30; 0.05>P>0.01) be-
tween retention at five minutes and pH minimum,
and a weaker correlation (rs=0.24; 0.10>P>0.05)
between retention at five minutes and 3D.

It is of interest to note the foods whose five-
minute retention and pH minimum values did not
give a significant correlation coefficient were
those foods that provoked a larger pH drop than
would be predicted from their five-minute car- -
bohydrate levels (sourballs, suckers, 7 up,:
orange juice, apple juice, rock candy) and those
foods that are retained in large quantities in the
mouth but that do not give rise to a correspon-
dingly low pH minimum value {chocolate, car-
amel, Orange Giant Jellies). The predominantly
acid nature of the first group suggests that one
parameter that must be included in an assess-
ment of food cariogenicity is the pH of the food
itself. For the second group, it may be postulated
that foods that give rise to an excessively high
concentration of sugar in the environment of
the plaque exert an inhibitory effect on the bac-
teria and thus reduce the severity of the initial
pH fall. The possibility remains that when the
food is diluted to noninhibitory levels, delayed
overall pH depression may be just as severe.

w Food saliva pH and carbohydrate concen-
tration: The contribution of the food pH and
soluble carbohydrate parameters to the plaque
"pH changes was evaluated by analysis of the re-
lationship between the pH minimum of plaque
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* Yable 4 » Mean carbohydrate (mg glucdse equivalents} retained in

© mouth at 5. 15, or 30 minutes after food use. .

Foozirankad for

Mean carbohydrate, retained  5-min carbohydrate

ptagua pH mrmmyum) min T I min rank {lowest tirst)
Trigant 15 20 18 1
Peanuts 4.9 a3 2.6 4
Mtk 84 37 25 1
Lico~:ce Giani Jaities - Notdone )
Licor:ca B.tes 65 . 48 3a 7
Oentyne 5.0 3.9 3.1 5
Dark chocolate 248 8.1 35 40
Appla - 11.4 43 2.9 14
Potatochips 123 4.9 25 . 17
Wh:t2 oread 16.1 10.0 3.6 28
Mitw chocoiate. 19.0 6.8 3.0 33
Ligorice Deops 15.8 8.2 3.0 25
Cnocolats milk 7.4 38 1.9 9
Sugar-coated.gum 17.9 53 34 30
Caramel 19.0 4.2 25 3
Bread & buttar 16.1 7.7 .38 a7
Saitine crackers 18.7 6.8 5.2 31
" Bagsl 130 1.1 4.7 19
v Banana 11.8 5.1 3.2 16
Swestees 3.4 24 25 o2
Whole whaat bread 15.5 6.9 a3 23
Dates 1.7 50 30 15
Bread & jelly 21.8 6.1 47 L4
- Grahamcrackers 28.3 9.0 59 42
QOranga Giant Jellies 498 10.1 4.2 47
Oil-sprayed crackers 238 8.5 3.7 - 38
Unsaitad crackers 330 10.4 33 45
Coca-Cola (drink) 7.7 36 24 10
Twinkies 21.6 6.3 3.8 36
. 7up 63 24 -21 6
Doughnut 15.2 75 34 22
Pound cake 246 8.8 4.3 41
Cereal - 14.6 8.5 2.7 20
Bandwich cookies 35.0 8.4 49 46
Apple pie 20.0 7.9 5.7 - 35
Apple jui¢e 7.3 3.0 22 8
. Astrofoad 1438 54 3.4 21
Spongs cake 18.8 8.0 4.2 32
Chocolate cake 257 10.8 49 39
Plain cookies . 326 14.2 4.1 44
Rockcandy {dark) Notdone : vew
Bock candy (light) 9.4 2.7 24 12
Mint candy 31.9 9.4 25 2
Orange juice 36 28 2.1 3
Coca-Cola(rinse) Not done s
Raisins 16.8. 5.7 30 2
Chocolate graham 10.4 34 28 13
Angel food cake 17.4 1.4 35 28
Raspderry sucker . Notdone
Ju-ju Toys 75.9 10.7 36 48
A-plus Not done
. Oranga sourballs 15.7 4.1 34 24
Grape sourballs Not done . vee
Cherry sucker < 128 3.6 7 18
and the pH and the soluble carbohydrate con- when food pH was not. taken into account; this .
tent of the expectorated food-saliva bolus. The indicates that the pH of the food did influence the
soluble carbohydrate levels determined on par- relationship between plaque pH and food clear-
allel samples of the snack foods were used to ance. However, the main influence of food pH
calculate the soluble carbohydrate values in the was not a direct effect on plagque pH itself, but
bolus. and thus the carbohydrate environment rather an indirect relationship between food
of the plague. acidity and the rate of removal of carbohydrate
The reiationship between plaque pH minimum from the mouth. This surpnising result, although
and saliva pH is complicated by the likelihood true for the average, may be less valid for in-
that a more acid food will increase the rate of dividual foods of high acidity. Causal connec-
salivary flow and thus reduce the retention of tions between food pH and carbohydrate reten-
food in the mouth. For examination of this com- tion may lie in the nature of the foods themselves
. plicated relationship, Kendall’s partial rank cor- (acid foods tend to have less carbohydrate) or in

“relation -coefficient® was calculated for foods the effects of acid on the rate of flow of saliva as
other than beverages, to determine the corre- previously postulated.

" lation between plaque pH minimum and five- The influence of the concentration of soluble -
minute carbohydrate retentions, holding the var- carbohydrate in the bolus on plaque pH would
iable of food pH constant. This analysis resulted not bé expected to be linear, since ighibition of
in a slightly higher correlation than was gun‘d 3 pH fall in plaque could result from both low and
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